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magnitude of the stock and decline in catch-per-unit-of-effort were
commensurate, the commercially available western stock in 1915
would evidently have averaged about three times as great as that in
1927, or 900 million pounds.
Changes in Apparent Magnitude of the Stock Compared to Withdrawals
by the Fishery. Between 1912, when the western fishery began, and
1927 the total recorded landings of halibut from this area amounted to
about 284 million pounds (according to Thompson and Bell, 1934:
table 2). This quantity is less than half of the apparent decline in the
western population of halibut from 1915 to 1927, as roughly estimated
above on the assumption that decline in population was commensurate
with that in catch-per-unit-of-effort, and that average population in
1927 was ten times landings.
It has already been noted that the most spectacular part of the
cline in catch-per-unit-of-effort on the western grounds occurred from
1915 to 1918, when the over-all average catch-per-unit fell from 266 to
125 pounds (Thompson and Bell, 1934: 12, table 2). If it be assumed
that magnitude of population declined equally with catch-per-unit dur
ing this period, then the stock of western halibut commercially avail
able would have fallen from about 900 million pounds to about
that value. Against this apparent decline of some 450 million pounds,
landings from the beginning of the western fishing through 1918
totalled only 102 million pounds (or, to make a stricter comparison,
landings for 1915-1918 totalled only 71 million pounds, less than one
sixth of the apparent concurrent decline in population).
The above indication that withdrawals by the early fishery may have
been insufficient to cause the observed rapid decline in abundance
(illustrated in Fig. 1 and in Tables III and V, with values obtained by
a somewhat more refined method described on p. 93) seem strong
enough to warrant a closer examination of this possibility.
Changes in Area of the Fishery Compared to Apparent Changes in
Magnitude of the Stock. An objection might be raised to the estimation
of western population in 1915 and 1918 by comparison of the catch
per-unit with that in 1927, since the area exploited by the western
:fishery shifted greatly between these dates. From 1912 through 1915
the catch was evidently drawn almost entirely from the eastern
(Yakutat) area (Thompson and Freeman, 1930). From 1916 through
1918 the middle (Portlock) area rose in importance until, according to
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Changes in Rate of Recruitment of the Stock. The rate of natural
mortality among the commercially available population on the western
grounds in 1927 is suggested by table 18 of Thompson and Herrington
(1930: 90) to have been somewhere around 20 per cent. The decline
in estimated population between 1915 and 1918 is almost exactly what
might be expected from a natural mortality of 20 per cent18 in addition
to the fishing mortality, if there had been no additions whatsoever either
by entrance of succeeding year-classes or by growth of those already com
mercially available. The decline, if not caused wholly by a contem
poraneous disastrous change in rates of natural mortality and growth,
might, therefore, obviously have been in part at least a result of tem
porary reproductive failure more than ten years before, long antecedent
to the commencement of commercial fishing. It has already been
pointed out (p. 92) that the simultaneous appearance in 1919-1923 of
a rise both in catch-per-unit-of-effort and in percentage of small fish
suggests the appearance in the fishery at that time of year-classes
considerably larger than those which preceded them.
18 It is of course possible, and might even be expected on a priori grounds, that
rate of natural mortality would have been higher than in 1927 at an earlier time when
the western population was denser, of greater average age, and not subjected to an
appreciable fishing mortality. However, natural mortality among the greatly re
duced population on the southern banks around 1926 is estimated at the astonishingly
high rate of 36 per cent (Thompson and Herrington, 1930: 106); and it will be seen
that if the rate had been much higher there in the 19th century before the population
was heavily fished, it would have been at an almost incredible level for adults of a
slow-growing predator believed frequently to attain an age as great as fifty years.
The extinguishing effects of a combination of rates of natural mortality and growth,
such as are indicated by Thompson and his co-workers (21% growth and 36%
natural mortality on the southern grounds; about 16% growth and around 20%
natural mortality on the western grounds), have already been co=ented upon by
Graham (1935: 210); and it is obvious that such a combination could not be main
tained indefinitely by a population, unless its normal condition, even in the absence
of fishing, were that of low incidence of old fish.
It should be noted that, although Thompson and Herrington do not attempt to
define precisely the rate of natural mortality on the western banks, since the experi
ments "are as yet too few to justify extensive analysis," they do explicitly state that
"The decline [in rate of tag-returns with time since tagging] is not as rapid as in the
southern experiments" (Thompson and Herrington, 1930: 107).
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As has already been noted, Thompson and Bell (1934: 34-48) have
shown that (at a selected constant annual increment of young fish and
at rates of natural mortality and growth like those observed) the ob
served changes in amounts of fishing are such as to cause a decline in
calculated catch-per-unit-of-effort somewhat like that actually ob
served in the western fishery from 1920 to 1929. If the significance
of this correspondence is accepted, it follows that, since the brood
stock had begun to decline long before, Thompson and Bell's constant
annual increment of young must represent an increasing increment per
unit of brood-stock. Such an improvement in rate of replacement
per unit of spawning population might be the corollary of a reduction
in population (whether fishery-induced or not), as has been discussed
by Babcock, et al. (1931: 24). However, the indicated improvement
might equally well have been the result of changes in natural factors
entirely independent of man and halibut, in, for example, temperature,
currents, abundance of other organisms, etc.
is well known that great periodic fluctuations in the abundance
of various marine animals do occur, which appear to be entirely inde
pendent of human activities (cf. Kemp, 1938), and which it may in
some cases even be possible to predict empirically, long in advance
(see Ottestad, 1942; and the demonstration of a regular 14-year cycle
in the starfish by Burkenroad, 1946b). Therefore the possibility
ought not to be ignored that the improvement during the 1920's in
rate of recruitment of the Pacific halibut, which is suggested by the
computations of Thompson and Bell, might have corresponded to a
change of phase in a system of periodic natural fluctuations. A phase
of rising trend in rate of recruitment of population, of sufficient dura
tion, would ultimately result in an increase in abundance even if
fishing were legally unrestricted (unless the demand for halibut is
unlimited, which is improbable).
Possible Causes of Change in Rate of Recruitment. In seeking an
explanation, other than immediate changes in the extent of fishing, for
the early great decline and for the recent much-more-than-expected
rise in abundance of halibut, the question of adequacy of the brood
stock comes immediately to mind. However, since halibut of the
western stock do not appear to enter the fishery to any great extent
before their ninth or tenth year, it will be seen that the brood-stock
corresponding to the year-classes entering the fishery in the late 1930's
and the 1940's was the greatly reduced one of the late 1920's and early
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1930's. Therefore, the potential of egg-production should evidently
have been much less favorable to the recruitment of the recent popu
lation than it was to the rapidly declining population of the 1920's
(assuming a constant relation of gonad to roe-fish; but compare Moore,
1937: 712-714, on variation in development of gonad in sea-urchins).
Explanation might also be sought in a more rapid rate of growth or
a lessened rate of natural mortality among fish of commercial size,
resulting from a lower level of the contemporary population. How
ever, such an explanation is difficult to invoke in the present case,
because the declining and the increasing populations have been of
similar magnitudes (see Fig. 3, Table V).
Finally, an explanation of the increase in population during the late
1930's, compatible with the decline in the middle 1920's, might be
supplied by the hypothesis that the chief influence upon the magnitude
of year-classes entering the halibut fishery is competition offered by
the adult population during the time the brood was growing. 19 A
broader expression of this sort of density-dependence would be that
the relations of the halibut, not only to its own young but to its prey,
19 Compare Huntsman's remarks (1938) on cyclical fluctuation of sockeye and
Atlantic American salmon. Fry (1939) and Herrington (1941, 1944) also regard the
interaction of adults with young as a primary influence upon rate of recruitment in
the cases dealt with by them (a possibility dealt with for vertebrates in general by
Errington, 1946); but both further invoke an inadequacy of brood-stock resultant
from over-fishing, a view repudiated by Huntsman (1944b: 535).
Herrington (1941, 1944) interprets the temporary occurrence of reduced crops of
New England scrod haddock at intervals during the period 1913-1930 as a result of
critical competition between young and adults for food during peaks in adult popula
tion. However, he explains the apparently contradictory evidence offered by the
uniformly mediocre crops of scrod in 1930-1941 (when the adult population remained
steadily at a minimal level) as a result of insufficiency of spawners.
Caution seems to be required in interpreting available data concerning a critical
lower level of brood-stock for successful production of American haddock, since the
year-classes entering the haddock fishery in the North Sea seem to have fluctuated as
greatly after the fishery had reached a very high intensity (Bowman, 1932) as have
the year-classes entering the New England fishery at all adult abundances. Indeed,
comments in recent Reports of the Director of the U. S.Fish and Wildlife Service
suggest that later events in the haddock fishery may not have corresponded to
expectation from the hypothesis of inadequate brood-stock (1944: 243: "The haddock
population . .. is more abundant [in 1942-1943] than at any time in the past ten
years because of the reduction in the number of large trawlers. The larger spawning
population which will result should ensure good catches in the next several years."
1946: 194: "Preliminary analysis of abundance indices, size and age data show that
the 1941, 1942, 1943 year-classes on Georges B ank were relative failures").
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its parasites, its competitors and its predators, might be like those in a
Lotka-Volterra periodic cycle or a Gause relaxation-oscillation (vide
Bodenheimer, 1938: 81-112). Thus, a reduction in the population of
halibut, whether caused by fishing or not, might have resulted in a
lagging, subsequent increase in the populations of its prey, or a reduc
tion in the populations of its predators, or a diminution in the trans
mission of its diseases (cf. p. 98) such as to have placed the stock of
halibut fished in the late 1930's in more favorable circumstances than
the one fished in the mid-1920's. If this were the case, it should be
noted that the increase in population during the 1930's would be a
consequence rather of the preceding decline in population than of the
subsequent restrictions upon fishing.
Since the immediate effects of fishing seem not to provide an ade
quate explanation of the observed occurrences, a description of the
early tremendous decline and the recent more-than-expected improve
ment in the western stock of halibut in simple terms of change in
natural conditions, independent of and overshadowing the immediate effects
of fishing, cannot be avoided. No evidence concerning possible delayed
action effects of change in population upon the halibut and its biotic
environment is available. Therefore it is difficult to assess the part
which fishing may have played in causing the prescribed changes in
natural conditions. However, inasmuch as the early decline seems
likely to have been a result of influences exerted before fishing began,
we may suspect that the major later role was played by natural biotic
adjustments and readjustments, either purely internal to the ecosystem
or precipitated by external physico-chemical changes.
The remarks of Atwood (in Baird, 1873: 119, 226) suggest that during the first
half of the 19th century haddock may have been much less abundant in New England
waters than it had become by 1870. "When I first engaged in the fisheries [1816],
haddock was scarce on our coast, and in winter sold much higher than cod. They
did not increase for many years after." About 1858, "I proved before the legislature
that haddock was much more abundant than it had been at any previous time, ... "
Since then, "this species has been increasing from year to year, until they have
increased in vast numbers, so much so that they are too plenty for the :fisherman or
dealer ... " If Atwood, an intelligent, experienced and reputable man, is correct,
a long-term natural decline in abundance of haddock during the present century
ought not to be surprising.
It should be noted that, if the poor crops of scrod in 1930-1943 cannot be unequivo
cally attributed to reduction of brood-stock below a critical level, the part of Herring
ton's hypothesis which concerns competition between adults and young is rendered
dubious also, however reasonable it seems.
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Possible Regularity in Pattern of Fluctuation. Some unsupported
speculations concerning the future of the stock of halibut on the
western banks may perhaps be tolerated, if their nature is thus plainly
labelled. Reference has already been made to the remarkable sym
metry of the apparent changes in population of halibut between 1917
and 1944 (p. 102 and Fig. 1). This symmetry suggests the possibility
that fluctuations in abundance of halibut might be of a regularly
periodic nature.
After 1915, the trend of the population curve is very sharply down
ward. Before 1915 data are inadequate or lacking, but there is some
weak suggestion that the high level in 1915 may possibly have repre
sented the near edge of a peak rather than of a steady plateau. Thus,
Thompson, Dunlop and Bell (1931: 57, fig. 17, table 12) summarize
extensive records showing a catch-per-unit-of-effort in Areas 19-23
during 1914 only two-thirds of that in 1915 (and they believe the
low value for 1914 to be reliable, although they suggest that the sub
sequent rise is "due to a better knowledge of the grounds," which
were not intensively explored until 1913). Reports concerning ex
ploration of the western grounds by the "Albatross" and otherwise,
between 1888 and 1900, although difficult to interpret and of very
dubious value, may possibly indicate a relatively low level of abundance
in these waters during these years (cf. Thompson and Freeman, 1930:
20, 28-29). 20
If abundance in 1915 represented a peak attained only within a few
years of that date, and if the changes in the stock are of a regularly
cyclical sort, it would be expected that during the next few years after
20 In view of the difficulty of obtaining evidence concerning abundance of halibut
prior to the commencement of intensive fishing, ethnological enquiry for possible
traditions of recurrent scarcity of halibut among aborigines of the Northwest, com
bined with research into the question of whether or not availability of halibut to
fisheries of aboriginal type provides a useful index to general abundance, might yield
results of some relative worth.
I am deeply indebted to Dr. Clellan S. Ford of the Department of Anthropology,
Yale University, for the following comment (1946, in litt.):
"From Boas' material on the Kwakiutl of Vancouver Island, it appears that these
people surround halibut fishing with a considerable number of taboos and restrictions.
This is particularly interesting in view of the relative insignificance of halibut fishing
as compared to salmon fishing which is so important as a source of food for the
Kwakiutl. Although taboos surround salmon fishing as well, the evidence suggests
that past experience has taught the Indians that halibut fishing is less certain than
salmon fishing. This uncertainty does not seem to arise from inferior fishing methods
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1944 the population of the western grounds might rise rapidly, perhaps
even to a level double that of 1943 (when the International Fisheries
Commission believed [British Columbia, Rep. Prov. Fish. Dept. for
1943, 1944: 29] that the yield from the western area "is approaching
the maximum that the grounds can produce"). At some subsequent
time within the next half decade or so, according to conditions assumed
at the beginning of this pai·agraph, abundance might be expected to
begin to drop precipitously despite whatever restriction of the fishery.
It would be extremely surprising if the halibut of the western banks
were to prove subject to regular cyclical fluctuation of period around
thirty-four years, such as has been considered in the preceding para
graph; and it may be emphasized that the indications from which this
possibility is suggested are worthless as evidence. However, it seems
proper to say that the events of the next half decade deserve close
observation and that it would be unfortunate if an increase in fishing,
sufficient to obscure the issue, were permitted to occur before
critical period has passed.21
for there is ample evidence to indicate that when halibut are available the Indians
catch plenty of them. It seems most likely that their worry . . . stems from a fear
that the halibut will disappear. This suggestion is further corroborated by the
following quotation: 'The stomach of the first halibut caught in the season is eaten
first, next the pectoral fins, then the head. The rest is divided among the people.
If this is not done, the halibut would disappear.' (Boas, Franz: Current Beliefs of
the Kwakiutl Indians, Journal of American Folklore, Vol. XLV, 1932, p. 237.)"
21 I am greatly obliged to Mr. H. A. Dunlop of the International Fisheries Com
mission for the following account (in litt.; January 16, 1947) of the fishery west of
Cape Spencer since 1944:
"Landings from Area 3 in 1945 and 1946 amounted to 28,700,000 and about
30,600,000 pounds respectively. The increase in the latter year resulted from an
unexpected increase in the intensity of fishing in the period between announcement
of the date of closure and actual closure of the area. It was not intentional.
"The catch per skate in the two areas declined to about 132 pounds in 1945 and to
125 pounds in 1946. Judgment of the significance of this decline must be withheld
because of our inability to secure data regarding the changes in the size composition
of the Area 3 stock during the war years."
For comparison with Table V, the above values indicate, for 1945 and 1946 re
spectively, fishing efforts of 217 and 245 thousand skates, landings of 6.4 and 7.2 per
cent of estimated population, estimated populations of 449 and 426 million pounds,
and total increments of -7 and +2 per cent of estimated population.
The negative value for increment in 1945, the first since 1925, might conceivably
be a symptom of the approach of a change in phase of cycle.
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NATURAL FLUCTUATIONS IN THE ABUNDANCE OF
HALIBUT, IN RELATION TO HUMAN ACTIVITIES
The question proposed in the introduction to the present paper
(whether or not any important part of the changes in abundance of
Pacific halibut were greater than might reasonably be expected to have
been caused by the changes in the fishery) must, according to the fore
going analysis, be answered in the affirmative. It can no longer be
assumed, therefore, that the recent annual catch of halibut, as a result
of the regulation begun by international agreement in 1932, is "perhaps
20 million pounds greater than the fishery would be taking now had
unrestricted fishing continued" (U. S., Senate, 1945: 22). Instead,
the evidence suggests that, for the western banks at least, the major
portion both of the decline and the increase in abundance may have
been independent of the fishery and might have occurred even in its
absence or in the absence of other than economic restrictions upon it.
The coincidence in time between regulation of the halibut fishery and
the appearance of a rising trend in abundance (which has apparently
been taken by some as evidence that the rise was caused by the regu
lation) is not necessarily a wholly fortuitous one; but the causal se
quence might be from change in abundance to regulation instead of the
reverse. This results from the fact that the development of a con
spicuous scarcity (which is the usual stimulus to measures intended,
in the old phrase, "to preserve the stock of fish") is also followed
naturally by the development of the next maximum, in periodically
varying populations.
The conclusions reached by Thompson and his co-workers with re
gard to the primary importance of fishing as the cause of changes in
abundance of halibut on the western grounds may well be valid for a
limited period in the 1920's (a period which begins after two-thirds of
the decline in abundance had been accomplished and ends before the
renewal of abundance had begun); The societal influences under
which fishery biology has been conducted would favor such limited and
special conclusions, in that the time of occurrence of that particular
phase of a cycle of periodic natural fluctuation, when a fishery of given
magnitude would most conspicuously affect the level of abundance,
would also be the time most propitious for the inception and support
of biological studies of the species. It therefore seems possible that
the available data of fishery biology on the whole provide a distorted
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picture of the relation of fishing to the marine stocks. Correctives
might be supplied by the general adoption of adequate programs of
continuous collection and publication of data, available like hydro
graphic data for analysis by workers not involved in maintenance of a
particular project; coupled with acceptance and explanation by biolo
gists themselves of the fact that, as yet, fishery regulation is primarily
a tool for experimental research rather than a vehicle for expression
of proven findings. A means of approach to these correctives might
be through professional insistance that biological support for regula
tion of a marine fishery be dependent, in the state of our knowledge as
it is likely to exist in the near future, on provision for adequate and
disinterested observation of the results.
Discovery that the major fluctuations of a given stock of fish are not
within hum.an control might be thought to indicate that further study
of the species would not produce practical benefits. Such is not the
case. The ability to predict changes in abundance at sufficiently
range would often be of economic value to the fishing industry almost
as great as would be the ability to control the changes; and it may be
ventured that the goal most likely to result in enhancement of the
practical importance of marine fishery biology is that of development
of reliable means of long range forecasting. The scale and complexity
of the problems encountered in attempting to control the gigantic self
compensating operations of a marine ecosystem, hinted at by Burken
road (1946: 55-56), have not perhaps been fully appreciated by those
who think in terms of regulation rather than prediction.
The studies of the history of abundance of Atlantic fishery stocks,
undertaken by the Survey of Marine Fisheries of North Carolina and
the Chesapeake Bay Fisheries Commission, suggest that to achieve
reliable forecasting, investigations concerned with individual species
may sometimes be insufficient. In certain species, early observation
of year-class success may yet prove adequate for short-range fore
casting of commercial abundance; in others regularity in pattern of
fluctuation may be found, such as to permit long-range empirical pre
diction; in still others, forecasts of long or short range may be made
possible by discovery of correlations between abundance of the given
stock and physico-chemical variables (as recently and brilliantly dis
closed for the as yet unpredictable hydrographic factors governing the
broods of pilchard, by Walford [1946]). But in addition to such cases,
it is likely that an important residue of unstable species exists, for
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which purely biological interactions are so important that successful
forecasting will require the integration of knowledge of the state of
numerous other stocks. And in all cases, there must be remembered
not only the relatively accessible fluctuations but those of longer term
which (as perhaps in halibut) spread over human generations and seem
sometimes to outweigh the ones of briefer period and immediate
concern.
No adequate program for collection of general statistics of current
abundance exists, and if one were to be established, a long time must
elapse before the clues required for prediction could often be obtained
from its results. Our surveys have shown that a wealth of neglected
and perishable information can still be unearthed, from which by
appropriate unconventional methods the changes in abundance of
numerous marine forms during the last century may be approximated.
Past neglect to gather, preserve and analyze this material is in part
attributable to lack of imagination in those responsible for the formu
lation of long-range programs; but in part also to the predominance
in American fishery biology (ever since the initial unfortunate reference
of a scarcity of scup to the increasing use of pound-nets, by the nascent
Fish Commission) of the view that a knowledge of fishing pressure is
the chief requisite for prediction of changes in abundance. In empha
sizing, in the present paper, that the effects of fishing may be more
limited than has been generally conceived, it seems proper to urge at
the same time that an immediately necessary task of fishery biology is
the attempt to reconstruct all possible details of historical change
within our marine ecosystems.
An expansion of knowledge of past abundances, such as our surveys
during the past two years have shown to be feasible at relatively small
cost, would facilitate present search for the simpler predictable
changes, and would thereby help to stimulate the required develop
ment of an adequate general program for collection of current data.
Beyond this accessory function, history supplies at least a guide to
long-term possibilities (such as the not improbable future decline or
southward shift of the croaker fishery, and expansion of the northern
supply of menhaden). Still further, by this means might be confirmed
at a relatively early date the existence, if not the nature, of complex
internal rearrangements of the marine organism-systems as living
wholes; such as are not detectable through investigation directed, in
the usual manner, one by one to single forms.
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SUMMARY AND CONCLUSIONS
l. The self-contained stock of Pacific halibut on banks west of Cape
Spencer appears to have declined in magnitude between 1915 and 1918
by an amount more than six times as great as the quantity removed by
the fishery during this period.
2. Analysis of the data bearing on this apparent discrepancy be
tween sum of catches and decline in population tends to confirm its
reality, unless the efficiency of a unit of fishing-effort (which may be
measured by the ratio of effort to per cent of fishing mortality, and is
equal to ratio of average population to catch-per-unit-of-effort)
changed greatly between 1915 and 1927. Efficiency on the southern
grounds in 1927 appears to have been nearly three times that on the
western grounds at about the same time; and possible causes of such a
difference, which might operate in time as well as geographically, are
pointed out. However, if it were to be assumed that efficiency on the
western grounds changed sufficiently from period to period to annul
the apparent discrepancy between magnitude of catch and decline in
population in 1915-1918, evidence supposedly indicating serious deple
tion of the stock would likewise be invalidated.
3. The discrepancy between magnitude of catch and decline in
population in 1915-1918, if accepted as real, seems to demonstrate
that the principal part of the historical reduction in abundance of
halibut on the western banks was a result of natural fluctuation, inde
pendent of the fishery. Further, the temporary rise in abundance
from 1919 to 1923 appears more likely to have resulted from entry into
the fishery of year-classes greater in magnitude than those preceding
them rather than (as has been believed) from improved utilization
through temporary reduction of the fishing effort.
4. The rise in abundance since 1930 appears to be greater than can
be accounted for by the diminution in fishing-effort, by an increase in
the antecedent brood-stock, or by reference to an improvement in rate
of natural mortality or growth proportional to immediate differences
in magnitude of population. The likelihood of lagging effects of
changes in antecedent population levels resulting from other mechan
isms than change in egg-production or in competition between adults
and young, is remarked.
5. There exists a bare possibility, concerning which critical evidence
should be provided by events of the next half decade, that fluctuation
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in the population of halibut on the western banks might be of a regu
larly cyclical sort with a period of around thirty-four years.
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DISCUSSION

Van Oosten: This paper is now open for discussion.
Herrington: I think you are correct in concluding that the increase in the stock,
shown by catch-per-skate, cannot all be accounted for by the regulations. Calcu
lations for the southern area, based on catch, fishing intensity, and catch-per-skate,
suggest that there was an increase in recruitment to the stock from younger fish.
However, the regulations did contribute a considerable part of the increase, and this
should be acknowledged.
Burkenroad: The rise in catch-per-unit-of-effort, which should have been expected
by 1944 from the decrease in fishing on the western banks brought about by the
regulation, was to 120 per cent of 1930; however, the actual rise was to 230 per cent.
The discrepancy is so great that I see no reason to postulate that the regulations had
any detectable effect. Furthermore, if the decline in magnitude of the stock before
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1930 was far beyond what the fishery could produce, why should regulation of the
fishery produce an increase of any significance?
Herrington: In estimating the absolute magnitude of the stock, have you taken
natural mortality into consideration?
Burkenroad: If you have 1,000 tagged fish and 10 per cent are caught, and if 10
million pounds are landed that year, then presumably there were 100 million pounds
on the grounds. You don't have to deal with natural mortality; it cancels out.
Herrington: If you had 1,000 fish and you got 100 back and 50 tags fell off, then
the mortality would be heavier than that, wouldn't it?
Burkenroad: Well, since you reported the tag returns on the western banks for
only two years, it is difficult to make sure of the fishing rate, as Dr. Ricker has pointed
out to me. But on breaking down your tag-returns into half-years, on the assump
tion that the fishing was equally distributed during those half-years, I get a loga
rithmic curve suggesting the 10 per cent rate to have been real, thus confirming
your conclusion published in 1930.
Herrington: That would have to be demonstrated.
Burkenroad: You yourself named that 10 per cent fishing rate. If you and Thomp
son are going to use that in coming to the conclusion that the fishery has been re
sponsible for the decrease in abundance, then it is legitimate for me to use it in an
analysis of your conclusions. Look at the curves in Thompson and Bell. You
know their correlation between the theoretical effect of fishing and the observed
changes. That is based on a 12 per cent rate. The difference would not affect my
results concerning discrepancy between shrinkage of population and landings, since
I could use 20 per cent and still come .to the same conclusions.
Herrington: Whether or not somebody else uses it in making an estimate doesn't
justify you in using it if you don't think it is correct.
Burkenroad: You must understand that I do think it is correct. We have stuck
our necks out, on the assumption that the data are actually correct, by suggesting
that a regular natural cycle may be the explanation of the changes in abundance.
The next few years of fishing ought to test that. If there is a regular cycle in halibut
such as has been found for the starfish, it is not inconceivable that the abundance of
halibut will fall greatly during the next few years. However, the purpose of our
North Carolina group is not to settle the Pacific halibut problem. What we are
primarily interested in doing is showing that the evidence doesn't have to be inter
preted in the fashion in which Thompson has interpreted it. In other words, we
want to be in a position to be able to say whether or not the effects of natural fluctua
tion should be considered more seriously by fishery biologists, and whether or not
Thompson's very influential opinions to the contrary are based on conclusive evidence.
Herrington: I think you would get more interesting results in the southern area,
south of Cape Spencer.
Burkenroad: I think you showed that there are a number of regions involved in the
southern fishery, between which there may be little exchange of stocks. This makes
analysis impossible.
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Herrington: It would be a better example because the depletion has gone much
farther.
Burkenroad: I don't know. I think that the reported western drop in catch-per
unit to one quarter of the early level is quite sufficient. That would be a high degree
of depletion, and was so claimed. This chart [indicating] shows here the corrected
catch-per-unit at the beginning of the fishery on the western banks and this down
here [indicating] is the level in 1930. That is a colossal drop, and I think it provides
an ample change to work with. The southern data are much less complete, and we
don't know whether the total quantity of fish was ever as great on the southern
banks as it is stated to have been on the western banks at the beginning of the
western fishery.
Herrington: The principal question is whether fishing caused the decrease. It
could be figured just as well for the southern area.
Burkenroad: No, it can't be. Because if there are several southern stocks and
they are not migrating over the whole southern area-that is, if you have a number
of static stocks on the southern grounds-and if you cannot tell from the available
data how landings and population varied from stock to stock, you are in no position
to calculate the relation of fishing pressure to abundance.
Herrington: I think you will find that in an area like that, if in any part of that area
fish are much more abundant, fishermen soon find it. As a result, on the average an
area is fished down pretty much together. You don't find big differences from one
spot to another.
Burkenroad: I have indeed suggested to Dr. Ricker that this more difficult southern
problem is better adapted to his mathematical capacities which are very much higher
than mine. But I still don't see why it is necessary for present purposes to treat both
halves of the fishery. Frankly, I feel both that the analysis of the simpler western
situation has strained me to my uttermost limit, and that it is sufficient for our
North Carolina needs to show that Thompson's conclusions concerning the western
fishery are not in accord with the evidence from that area.
Needler: As I understand this, you have two arguments criticizing the soundness of
the existing conclusion(;! concerning the fishery west of Cape Spencer by Thompson,
et al. The first one is that the catch-per-unit-of-effort-if it is an indication of change
in amount of fish-changed so much, fell off so much, that it would indicate reduction
in the abundance of halibut several times greater than in the actual catch
Burkenroad: Seven times greater than the actual catch.
Needler: The other argument is that the restriction saved a certain amount of
halibut, but that calculating on the number of halibut which it saved and their
growth with an assumed mortality of 10 or 12 or 20 per cent, you still don't produce
enough more halibut in the sea to account for the increase.
Burkenroad: That is a very acceptable summary.
Needler: I don't know any of the detailed data, but if those two propositions are
sound it would certainly indicate that there are a number of other factors which are
just as important as the fisherman.
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Kolbe: Are you prepared to suggest what the other factors are?
Burkenroad: I don't think anyone here is yet prepared to offer an explanation of
changes in abundance of marine fishes backed by sound evidence.
Needler: I think, Mr. Chairman, we are up against the same thing in assessing the
value of lobster rearing in the State of Maine. We are presenting the same kind of
argument to show that the lobster rearing is not responsible for the increase. From
the records of the number of fourth-stage larvae planted, we find that even if all of
them survived to marketable size they would only account for five per cent of the
increase. So we concluded that the lobster rearing stations did not produce the
increase. This is the same type of argument. It only applies to the validity of the
assumption that the lobster rearing stations produced the increase. It doesn't, of
course, explain how the increase came about. We can imagine about ten different
factors that might have caused it.
Burkenroad: I am prepared to discuss the possibility which has appealed to me
most. I am not, however, able to offer any evidence for it. If a 34-year cycle in
abundance of halibut, such as I am suggesting to be a possibility, should prove to be
the case, it might be argued that the explanation of the cycle toward which I am
inclined may have validity. That is not, however, a good argument. It is in fact
the sort of argument I deprecate when applied to increases in abundance of fish
following regulation. Mere coincidence between a prediction and a result is not
necessarily evidence that the prediction was based on sound conceptions.
For example, it appears to me that one should expect to find an increase in fish
when regulation has been applied, even though fishing has no effect on the stock.
Fish populations, as Professor Dymond pointed out, all appear to fluctuate naturally.
When a naturally fluctuating population reaches a dead low, it may be expected to
increase in abundance thereafter. When a scarcity occurs, it is a stimulus to study
of the fishery, and regulation of it. Consequently, one should expect to find regula
tions applied at low points in natural periodicities. Therefore, one would as a
general rule find increases in abundance following regulation, even if fishing had
nothing to do with the scarcity. An increase in abundance is thus not by itself
critical evidence for a causal connection between the regulation and the increase.
The view of the causes of fluctuation in abundance of sea animals to which I tend
is that we are dealing with extremely complicated interdependences of organisms.
Quite apart from precipitating causes of a physicochemical nature, change in any one
living part of an ecosystem will, by means which have been mathematically expressed
by Volterra and others, result in subsequent changes in other populations of the
system, and so on. I believe that in many fisheries it will ultimately be found that
fairly regular cycles of abundance are being caused by the pendulum-swing of changes
purely internal to the living part of the ecosystem, independent of such external
affects as fishing, radiation, precipitation, temperature, and so on.
Huntsman: It seems to me that the importance of this lies in the fact that the
halibut is the best case to show the possible value of letting the fish get bigger. I
don't know of any better case. I had accepted the experiment on the Pacific coast
as proved insofar as it pays to let the fish get bigger, but not as proving that it paid
to have larger numbers of spawners. Therefore, I was somewhat surprised to find
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that this-to me a supposedly proved case-did not stand up. It seems to be similar
to the case of the Atlantic salmon with which I am familiar-and here again I had
accepted the claims made for beneficial regulation of a fishery, namely, of the Resti
gouche salmon fishery in northern New Brunswick and southern Quebec. Those
responsible for the angling took a variety of measures to increase the stock; over
quite a long period of years they seemed to get definite evidence of an increase as
shown by an increase in angling catch and also in an increase in net catch; with the
latter they were not concerned other than in a negative fashion. After perhaps
twenty years the catch went down and they started to blame the net fisheries. They
wouldn't give up their original conception. But when you examine the facts, it
appears that the rise was coincidental with rises in other rivers that hadn't been
subjected to the same management, and that the fall also occurred in other rivers that
had not been subjected to the same management. Thus an apparently good correla
tion of increase in stock with certain management has not been borne out by other
facts.
Burkenroad: I am perhaps prejudiced in favor of the view that natural fluctuation
may be the cause of most of the changes in our fisheries, because this proved to be
the case in my first effort in the field of population study. There appears to be an
entirely regular natural cycle in starfish, which are a pest of oysters in Long Island
Sound. This cycle cannot be related to any changes in fishing effort. An interest
ing case of supposed "overfishing" of starfish occurred in the 19th century. In 1884,
which was just before a peak in this 14-year cycle, a piece of gear called the mop
dredge was invented. It was and still is a very effective method of differentially
clearing starfish from the oyster beds, an operation which had previously involved
the labor of picking up both starfish and oysters and throwing back only the oysters.
The oyster growers mopped assiduously, and the abundance of starfish declined
year after year. The official reports during the next seven years, were that the
oyster grower, using the means placed at his disposal by modern science, was now
able to control this once-feared pest. About this time the low point in the cycle was
passed-and no more was heard of scientific management of the abundance of star
fish until after this 19th century experience had been forgotten.
Herrington: I wonder if Dr. Huntsman has correctly interpreted your conclusions
or what you mean to conclude. Do you think your evidence shows there has been
no benefit from the regulations, or merely that they have not accounted for all of the
increase?
Burkenroad: Using Thompson's method of calculation, the expected increase as a
result of the regulation would have been to 120 per cent of 1930, whereas it was
actually to 230 per cent. I think that permits us to say that the regulations were of
no demonstrable significance according to Thompson's own method of calculation,
since 20 per cent is too small to be regarded as significant.
Huntsman: My point is that it isn't proven. So I have lost faith. I don't say
there hasn't been improvement as a result of that control in both cases, but it isn't
proven.
Herrington: You are not arguing there was no benefit?
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Burkenroad: No proof of biological benefit. The evidence suggests that catch-per
unit-of-effort might have risen to about the same extent in the absence of any legal
restrictions. There may have been a benefit to fishermen in that, by agreed limita
tion of production, prices could be made higher relative to the supply in the water.
Such benefit would, however, be counterbalanced by injury to the consumer, and its
significance is a matter for economists, sociologists and political philosophers, not
biologists.
Herrington: Another question. The length of the fishing season in the area south
of Cape Spencer has decreased greatly. In 1930 it was eight months and fifteen days;
in 1945, one month and fifteen days. If they simply compare the average for the
season, then catching halibut through that short season probably would give a higher
catch-per-skate than over a period of eight months. They probably have allowed
for that. If not, the increase in catch-per-skate would not indicate a comparable
increase in population.
Burkenroad: I think their only correction was for the competition of gear, using the
compound interest equation. I don't think that in getting a standard skate they
have dealt with possible effects of a shortened season, which are somewhat uncertain.
Ricker: Just so there won't be any misconception, I might say that I became aware
of Mr. Bmkenroad's interest in the halibut fishery only after he had developed the
thesis he has presented here. I was asked for comments, and the points I raised were
mostly potentially unfavorable to his views, although quantitatively none of them
need be of importance, and Mr. Burkenroad evidently believes they are not so.
One of these comments concerned the estimated 10 per cent rate of exploitation for
the western halibut population in 1927. In the light of some computations I had
made on the southern halibut population, I felt that this estimate might be consider
ably too low. However, I believe this would not affect his main argument substan
tially, one way or the other. Mr. Burkenroad, did you also estimate the effects of
possible error in this rate of exploitation, as it affects the later history of the fishery
from, let us say, 1930 onward? If the stock in 1927 were really only a half or a third
as great as you compute from the published estimate of rate of exploitation, how
would that ::iJfect your assessment of the recent period of increasing abundance?
Burkenroad: One of my indications of an increase greater than expected is by con
tinuing for later vears Thompson and Bell's method of comparing actual with theo
retical changes in catch-per-unit. This method of assessment does not depend on
the accuracy of the estimate of the 1926-27 rate of exploitation, since my point is
bhat coincidence of actual and calculated abundances cannot be obtained for periods
both before and after 1930 at the same constants.
Another method of assessment not dependent on estimates of absolute population,
consists in comparing the total landings during paired periods before and after 1930
when catch-per-unit was similar. The only one of my assessments completely
dependent on estimates of rate of exploitation is that concerning effects of fishing in
early years.
Clarke: In your calculations of total population, did you assume that the catch-per
unit-of-gear was proportional to the size of the population?

,-----
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Burkenroad: The catch-per-unit-of-effort was used, not per-unit-of-gear. I am
not at all sure that the rectilinear relation of catch-per-unit and population is a sound
assumption. However, if this assumption is questioned, it bears equally against
Thompson's conclusions. In other words, if catch-per-unit is not a rectilinear index
of population, then you can't use it as a rectilinear index of depletion.
Clarke: Thompson doesn't find it necessary to make any assumption concerning
the actual abundance of fish in order to prove depletion. All he needs to know is
that the fisherman can't catch them.
Burkenroad: But if catch-per-unit is not proportionate to population, you have no
grounds for talking about depletion until you find out what the relationship is. If
the fish were there in much the same quantity, and a decline in catch-per-unit simply
meant the fishermen couldn't catch them, then regulations intended to let the little
ones grow big and to increase the brood stock would hardly be called for.
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INTRODUCTION
The fear of overexploitation of marine resources is as old as the
hills. It is the raison d'etre of the fishery biologist. We talk glibly
of the conservation, management and rational utilization of stocks of
marine fishes, and those outside the field are often led to hold a some
what exalted opinion of the state of our knowledge and of our ability
to cope with the problems at hand. The truth of the matter is that
most of the major issues in fishery biology are still highly controversial.
For example, there is no unanimity of opinion as to demonstrable
instances of overfishing. We know only a modicum about the causes
of fluctuations in abundance. The subject of inter- and intraspecific
competition in populations of marine fishes is little understood. And
a nice question is posed by the fact that dominant year-classes (the
exceptionally high survival of the young born in any one year resulting
in ultimate benefit to the fishery) sometimes occur when the adult
stock is at a comparatively low level. All this may be taken as a sad
commentary on our lack of progress in the half century dating from
Hoffbauer's discovery of the possibility of determining ages and
growth rates by means of scale analysis. Many reasons can be cited.
One is that the field has failed to attract its share of well trained in
vestigators. But more pertinent to the subject of this discussion is
the extreme difficulty of procuring catch statistics and ecological data
which are capable of yielding the necessary information, the inordinate
amount of "patient puttering" which is a part of all fisheries research,
and the complex problems involved in sampling, in determining and
interpreting the catch-per-unit-of-effort, and in population analysis.
The present paper is the result of a three-year study of the species
taken in the winter flounder trawl fishery off Rhode Island and Con
necticut (Fig. 1). It is based on monthly samples of the catch from
August 1943 to July 1946. The more obvious facts about the seasonal
and annual composition of the population and its organization are set
forth to form a framework upon which more detailed information can
be constructed, and also to provide a basis for future comparison.
More specifically, the objectives of this investigation were as follows.
1. To discover the proportions of regularly marketed, occasionally
marketed, and discarded or "trash" elements in the catch. 2. To
provide information for an understanding of the life histories of the
species encountered. 3. To study the population as a whole with
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particular emphasis on the relationships of its components. The
present paper provides information on the first and last of these ob
jectives. With regard to the life-history studies, investigations on the
six major species (constituting over 90 per cent of the catch by num
bers, p. 157), as well as on three lesser forms, have either been com
pleted for publication or are now in progress.
TABLE J. SCIENTIFIC AND COMMON NAMES OF FISHES TAKEN IN MONTHLY
ONE-HOUR HAULS, AND ADDITIONAL SPECIES OBSERVED IN OTHER
HAULS ON COLLECTION DATES FROM 1943-1946

From Monthly One-Hour Hauls
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.

Mustelis canis: smooth dogfish, grayfish.
Squalus acanthias: spiny dogfish, grayfish, piked dogfish.
Raja erinacea: little skate, common state, hedgehog skate, summer skate.
Raja diaphanes: big skate, spotted skate, winter skate.
Raja stabuliforis: barn-door skate, winter skate.
Clupea harengus: herring, sardine.
Pomolobus pseudoharengus: alewife, gaspereau, sawbelly.
Poronotus triacanthus: butterfish, dollarfish, harvest fish.
Centropristes striatus: sea bass, black sea bass, blackfish.
Stenotomus chrysops: scup, porgy.
Menticirrhus saxatilis: kingfish, king whiting, whiting.
Tautogolabrus adspersus: cunner, sea perch, bergall, nipper.
Tautoga onitis: tautog, blackfish.
Stephanolepis hispidus: common filefish, foolish, thread filefish.
Spheroides maculatus: puffer, swellfish, blowfish, globefish.
Myoxocephalus octodecimspinosus: longhorn sculpin, gray sculpin, hacklehead,
toadfish.
Hemitripterus americanus: sea raven, red sculpin.
Prionotus carolinus: common sea robin, green-eye.
Prionotus evolans: red-winged sea robin, striped sea robin.
Macrozoarces americanus: ocean pout, eelpout, yowler, conger eel, ling.
Merluccius bilinearis: whiting, silver hake, New England hake.
Gadus morhua: cod, rock cod.
Mel.anogrammus aeglifinus: haddock, white-eye.
Urophycis regius: spotted hake.
Urophycis tenuis: white hake, Boston hake, mud hake, ling.
Urophycis chuss: squirrel hake, snot-head hake.
Paralichthys dentatus: summer flounder, fluke, plaice, turbot.
Paralichthys oblongus: four-spotted flounder, Baptist fish.
Limanda ferruginea: yellowtail, rusty dab, sand dab.
Pseudopleuronectes americanus: winter flounder, flat, blackback, flounder.
Glyptocephalus cynoglossus: witch flounder, sole, fluke.
Lophopsetta aquosa: sand flounder, windowpane, sundial.
Lophius americanus: goosefish, monkfish, angler, mouth-all-mighty, fishing frog.
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From Additional Hauls on Collection Dates
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Dasybatus marinus: sting ray, stingaree, clam cracker. IX-12-'43.
Brevoortia tyrannus: menhaden, pogy. IX-10-'44.
Scomber scombrus: common mackerel. VI-23-'44.
Cynoscion regalis: weakfish, squeteague, sea trout. X-31-'43, XI-19-'44,
X-15-'45.
Leiostomus xanthurus: spot, goody, postcroaker, Lafayette, porgy, yellowtail.
XI-19-'44.
Ceratacanthus schoepfii: orange filefish, foolfish, sunfish. X-26-'44.
Neoliparis atlanticus: sea snail, lumpsucker, New England sea snail. IV-16-'45.
Liparis liparis: sea snail, striped sea snail, north Atlantic sea snail. I-14-'46.
Pholis gunnellus: rock eel, gunnel, butterfish. V-18-'44, III-24-'46.
Pollachius virens: pollock, Boston bluefish, coalfish, green cod. VI-23-'44.
Microgadus tomcod: tomcod, frostfish. III-19-'44.

This work represents a co-operative attack on the problem. Tables
I, IV, and V2 show that 44 species, over 37,000 individuals, and 25,000
pounds of fish are involved in the analysis; the magnitude of the under
taking was such that no single investigator could possibly handle all
phases, of the work. Actually the entire staff of the Bingham Labora
tory has had a hand to a lesser or greater extent in the field work,
routine laboratory analysis, preparation of the data or other aspects
of the investigation. To all of these individuals we express our in
debtedness and record our gratitude. It is also a pleasure to make
acknowledgement to the Connecticut State Board of Fisheries and
Game and to the Woods Hole Oceanographic Institution for financial
assistance.
HISTORY OF THE CONNECTICUT TRAWLING INDUSTRY
During the course of this investigation a considerable amount of
historical information was gathered from conversations with several
of the old-time skippers of eastern Connecticut. Since only part of
this material was based on the written record, it was not always pos
sible to obtain absolutely precise data. However, it seems appropriate
to record the information here because so little can be found in the
general fisheries literature on the subject.
Commercial fishing in Connecticut in the early days of the present
century and in preceding decades was carried on by a variety of
2 The species in Tables I and IV-VI are arranged in order of their appearance in
C. M. Breder's "Field Book of Marine Fishes of the Atlantic Coast from Labrador
to Texas," G. P. Putnam's Sons, New York, 1929: XXXVII + 332.
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methods; among them were the hand line, line trawl, fyke net, pot,
purse seine, shore seine and trap net, the last two being relatively more
important then than in recent years. As a rule the fishermen of those
times did not by any means devote their efforts exclusively to this
occupation-they farmed, trapped, ran steamboats, etc., and only
fished when circumstances so dictated. But during the first 15 years
of the century the demand for fish apparently enjoyed a considerable
upswing; individual hand-line fishermen began to make a good living
from their efforts, new gear was introduced, and commercial fishing
became more and more of a full-time occupation. Proximity to the
New York market led some of the larger fishing concerns to estab
lish headquarters in the state, particularly in New London and Noank.
Under these circumstances the fishermen of course became alert for
any innovation which gave promise of increased productivity. About
1908 Capt. Frank Thompson of New London tried the beam trawl
with indifferent success; he was the only fisherman to attempt to
handle this rather awkward gear which was apparently not well suited
to the small boats then in use. In the same year, however, Capt.
Elisha Clark brought the otter trawl from Long Island to Connecticut;
he and Capt. Benjamin Chesbro of Stonington appear to have been
the first to fish this gear. Its advantages were immediately apparent,
and among others who changed to the otter trawl at approximately the
same time were the Wilcoxes, Clarks and Capt. Clay of Stonington,
Ca.pts. Daboll, Rathbun, Christenson and Fitch of N oank, the Mac
Gregor brothers, and Capts. Clark and Lewis of Mystic, and Capts.
Thompson, McLaughlin, Brown and Slade of New London. By 1913
Capt. Thompson was making a full-time business out of otter trawling
and several years later a dozen or fifteen other fishermen were similarly
engaged. The otter trawls fished by the boats of this time varied con
siderably; some were as little as 20 feet in width and were lifted by
hand. The gear was (and still is for the most part) towed from the
mast or boom rather than from gallows frames. The boats in this
fishery were not big-often no more than large dories powered with
small motors. Some of the boats built in these early days are still in
operation and constitute the smaller units of the present fleet. The
otter trawl was first used in the winter flounder fishery and the results
are said to have been more than gratifying. Old photographs provide
some evidence, debatable withal, that the size of the fish averaged
considerably larger than those taken today.
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About 1916-1917 Capt. Elisha Clark had built the 33-foot "Bessie,"
Capts. Elmer and George Wilcox the 35-foot "Anna D.," and Capt.
Frank Thompson the 36-foot "Eleanor Louise." The latter boat was
the largest and most powerful then in operation for the purposes of
trawling; she fished a net with a 60-foot mouth and worked out of New
London, while the others hailed from Stonington. Other large vessels
were Capt. Walter Rathbun's 34-foot "Alden" at Noank and Capt.
Asa Clark's "Constance C." from Mystic. The eastern Connecticut
catch was probably over a million pounds in 1917; by 1918 another
half dozen boats had entered the fishery and the catch was doubled.
By 1920 about 35 vessels were engaged in the fishery which yielded
several million pounds of winter flounders annually. All of these fish
were caught within five miles of shore, and it is of special interest in
view of later conclusions in this paper (p. 152) that there were relatively
few skates in the catch (an average of not more than a bushel a haul).
With reference to changes in relative abundance of different species,
Capt. Ellery Thompson has told us that in 1922, after eight years with
this fleet, he saw his first haddock; this species provided good inshore
fishing for the next ten years, but since the early 1930's the schools
have not come onto the grounds to any extent although individual
haddock are taken on occasions. In the middle 1920's new boats
with added power were built. The engines jumped from a maximum
of 40 horsepower to 65 horsepower, with the result that the grounds
were fished longer and more intensively, and the competition was such
that the boats started moving further afield to grounds off Martha's
Vineyard and Nantucket. S.ette3 reports the yield of :flounders of
Connecticut as nearly six million pounds in 1925 and over seven
million in 1926; this increase was due to the expansion of the fishery
and the consequent inclusion of the yellow-tail (Limanda ferruginea)
in the catch. By 1930 Fiedler4 lists the otter trawl landings of
flounders in Connecticut as over 11 million pounds, a further reflection
of the trend. These were boom times. For example, in 1929 Capt.
Ellery Thompson's two boats took over a million pounds of market
fish of all kinds; the "Eleanor," on which the work here reported was
done, accounted for 660,000 lbs. alone. There were now some 50
3 Fishery Industries in the United States, 1926.
Appendix V, Rep. U. S. Comm.
Fish. (1927), 1928: 337-483, Washington, D. C.
4 Fishery Industries of the United States, 1931. Appendix II, Rep. U. S. Comm.
Fish. (1932), 1932: 97-440, Washington, D. C.
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vessels in the fleet. The largest was 80-100 feet. In 1935 the fleet
had not increased, and total production apparently fell somewhat, but
a half decade later there were approximately 60 vessels, and the total
landings rose as butterfish and scup became prominent elements in the
marketed catch. By 1943, when this study was begun, still larger and
more powerful boats had been built, and their greater cruising radius,
speed, and efficiency combined to raise the total landings considerably
higher.
We cannot but be reminded by the preceding story of Michael
Graham's "The Fish Gate. " 5
. . . as the fishing power increases the stock falls, but the yield at first rises . . .
The inherent weakness of all mechanized fishing is that one day's trawling, or lining,
or one setting of one net, continually becomes less profitable. The trouble starts
right at the beginning of a fishery: the stock becomes reduced at once by what the
fisherman takes; and the catch per net, or the like, starts to fall at once. So the
fisherman, if he is to live as he did, must increase his fishing power-buying more
nets, installing a motor, building a bigger ship, using a patent trawl, bobbins, bridles,
ticklers, and anything else that he can scheme up to increase his power-so that,
temporarily at any rate, the reduced catch per unit of fishing power may still provide
him with a living. . . . But the increased fishing effort reduces the stock still more
. . . the urge to expand still remains, and continues to result in increase of total
fishing power. Now comes the snag. Experience has shown that the yield does not
continue to rise. After a certain point the total yield of a fishery fails to increase
any more, whatever the fishermen do. This is the key to the history of fishing, all
over the world.

In the case of the eastern Connecticut fishing industry, it is clear
that the trawl fishery for winter flounders began in the second decade
of the present century and was sufficiently well developed by 1920 to
produce several million pounds annually. For a time the fishery was
confined to the general Block Island Sound area, but increasing compe
tition soon forced some of the fleet to shift further afield and to look
for new species although the original grounds continued to yield their
fair quota of winter flounder. It would appear that the Block Island
Sound area has consistently yielded from two to five or more million
pounds of winter flounder annually to eastern Connecticut fishermen
over the past quarter of a century; in the last decade the Connecticut
catch of this fish has ranged from two or three up to five million pounds,
with Rhode Island fishermen taking roughly another half to one
million pounds of this species from this region each year. This is
5

Faber and Faber Ltd., London, 1943: 196 pp.

r
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probably not a species which is subject to violent fluctuations in abun
dance and to the phenomenon of year-class dominance, and since the
young fish remain on nursery grounds during the first years of their
life and only enter the fishery later, the recruitment to the commercial
stock is probably reasonably steady. The Block Island Sound area is
fished quite regularly by the smaller and medium-sized vessels of the
fleet; these are boats whose day-to-day operation is relatively cheap
and which can make a small profit on relatively small catches. If the
weather is poor or the fishing slow they can afford to remain idle.
When conditions are good they fare well. On occasions when the
winter flounders are abundant the larger vessels, which normally go
further afield on longer trips for yellowtails and other species, fish the
area until it is no longer profitable for them. In short, there is a
"limit of unprofitableness" (Graham) which works at different levels
on the boats of different size; with the smaller craft the margin be
tween cost and profit is a relatively slim one. And because the grounds
are not on a iine between major fishing ports (such as Gloucester,
Boston and New Bedford) and further offshore banks which are worked
intensively by modern trawlers, they are not subjected to the tremen
dous strain which these vessels could exert at times when it might be
profitable for them to work the area. Furthermore, the proximity of
New York means a ready market for this high quality fresh fish.
This, then, was the general picture when the present work was be
gun. The winter flounder fishery is apparently fairly stable as a result
of: 1) the life history of the species which affords it good protection in
its first years, 2) the various economic factors, and 3) its geographical
position. During the period from 1940 to 1945 the average annual
catch of winter flounders from this area by Connecticut boats was
somewhat higher than in preceding years (roughly an average of four
or more million pounds annually)-a fact which is probably explained
by the incentive to fish more intensively during a period of high prices.
MATERIALS AND METHODS
The winter flounder trawl fishery off southern New England is
conducted mainly by small draggers from 25 to 55 feet in length.
Modified otter trawls are used, the width, mesh-size, number of floats
on the head rope, dimensions of the doors, etc., varying with the size
of the boat, season of the year and individual preference of the skip
pers. In Rhode Island and Connecticut the industry centers at
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Stonington, and the region fished extends from the mouth of the
Thames River along the south shore of Rhode Island and through the
Block Island Sound area into the open ocean to the east and south
(Fig. 1, Table II). Within this whole region the bottoms of the
TABLE II. DATE, LOCALITY, VESSEL AND DEPTH FOR MONTHLY
ONE-HOUR HAULS, 1943-1946
Date

Locality

Name of Depth
vessel (fathoms)
VII-16-1943 ....15 mi. SSE. of Point Judith, R.I ............Eleanor .. 25
IX-12-1943 .....14 mi. SSE. of Point Judith, R. I ............Eleanor ... 22
X-31-1943 ......3 mi. S. of Green Hill, R. I.................Eleanor ... 14
XI-21-1943 .....5 mi. ESE. of Watch Hill, R. I ..............Eleanor ... 12
XII-19-1943 ....5-8 mi. ESE. of Watch Hill, R. I............Eleanor ... 10-14
I-23-1944 ......1 mi. S. of Noyes Point, R. I.. ..............Eleanor ... 10-15
II-20-1944 .....2 mi. S. of Green Hill, R. I.................Eleanor ... 12
III-19-1944 .....2 mi. SSE. of Watch Hill, R. I.. ........... .Eleanor ... 15
IV-23-1944 .....2-3 mi. S. of Green Hill, R. I.. . ............Eleanor .. . 12-15
V-18-1944 ......Between Fishers I. and mouth of Thames R...Eleanor .. . 10-12
VI-23-1944 .....3 mi.N. of Sandy Pt., Block Island, R. I.....Eleanor ... 20-23
VII-23-1944 ....3 mi. N. of Sandy Pt., Block Island, R. I.....Eleanor ... 20
VIII-13-1944 ...3 mi. N. of Sandy Pt., Block Island, R. I.....Eleanor ... 20
IX-10-1944 .....3 mi. N. of Sandy Pt., Block Island, R. I.....Eleanor ... 20
X-26-1944 ......Off Noyes Point and Quonochontaug, R. I.....Eleanor ... 8-12
XI-19-1944 .....Off Quonochontaug and Noyes Point, R. I.....Eleanor ... 10-15
XU-18-1944 ....2 mi. S. of Charleston Inlet, R. I ............Marise .... 14
I-1945 .........
II-1945 . ...... .
III-5-1945 ......4 mi. S. of Green Hill, R.I.................Eleanor ... 20
IV-16-1945 .....3 mi.NNE. of Block Island, R. I............Eleanor ... 20
V-27-1945 ......Between mouth of Thames R. and Fishers I...Eleanor .. . 10
VI-18-1945 .....2 mi. SE. of Watch Hill, R. I ...............Eleanor ... 20
Eleanor ... 20
VII-17-1945 ....1½ mi. SE. of Watch Hill, R. I.. . .
VIII-21-1945 ...5 mi. SSE. of Watch Hill, R. I.......
. ..Eleanor .. . 20
IX-23-1945 .....3½ mi. SE. of Watch Hill, R.I.......
. .Eleanor ... 20
X-15-1945 ......1 mi. S. of Quonochontaug, R. I .............Eleanor ... 10
XI-11-1945 .....1 mi. N. of North Hill, Fishers I:, N. Y..... .Eleanor ... 10
XII-1945 ......
I-14-1946 ......Off Charleston Inlet, R. I...................Eleanor ... 10
II-19-1946 .....2 mi. W. of Noyes Point, R. I...............Eleanor ... 10-18
15
UI-24-1946 .....½ mi. W. of Hatchett's Reef, Conn..........Eleanor ..
IV-1946 . ......
V-6-1946 .......3 mi. WSW. of Block Island, R. I.......
. .Eleanor ... 20
VI-9-1946 ......4 mi. S. of Quonochontaug, R. I......
. ...Eleanor ... 20
VII-1946 .......
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Figure 2. Typical dragger of the Stonington, Conn., fleet; the "Lt. Thomas Minor"
taken from the' "Eleanor." Photograph by H. Gordon Sweet.
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specific localities in which the draggers work are similar at least to the
extent that the topography must obviously be smooth enough to permit
efficient operation of the gear. Off the Thames River the bottom is
soft and partly muddy; sea lettuce (Ulva) and kelp (Laminaria) are
abundant. Off the south shore of Rhode Island the bottom is harder,
and the sand is overlaid with an accumulation of shells of various
mollusks among which grow quantities of sponges (Haliclona and
Suberites compacta). Around Block Island the bottom varies from
mud to hard smooth sand with a light admixture of gravel; sponges are
present here but never in the quantities that they occur along the south
shore of Rhode Island. To the east and south of Block Island the
bottoms fished vary from soft to hard and are frequently characterized
by scallops (Pecten grandis) and mussels (Modiolus modiolus). The
depths in these different localities range from 10 to 30 fathoms.
The study and ultimate analysis of such a fishery involves many
problems and there are various methods of attack. One of the most
obvious difficulties is that of gathering data in sufficient quantities to
give an adequate picture of the population but at the same time having
the numbers of fish in each sample small enough so that it is possible
to handle them and accumulate the necessary basic information.
Preliminary survey of the winter flounder trawl fishery on a number
of draggers in the spring of 1943 indicated that it might be possible to
sample the population by studying single representative hauls at
monthly intervals. In order to do this it was first necessary to select
a vessel which was as nearly typical of the fleet as possible (Fig. 2).
Here we were particularly fortunate, and to Captain Ellery Thompson
of the "Eleanor" we owe much. His intelligent co-operation and his
interest and understanding were major factors in the success of the
undertaking. 6 Although most of the monthly trips were on the
"Eleanor," one sample was taken and several other trips were made on
Captain Harold McLaughlin's dragger "Marise"; here again we were
exceptionally fortunate in the help we received, as well as in the fact
that the vessel is also fairly typical of the fleet. The "Eleanor" is 50
feet overall, has a beam of 14.25 feet, and a 65-horsepower gasoline
engine. She fished nets with an 80-foot mouth, whose stretched mesh
size in the body and in the cod-end varied from 2½ to 4½ inches.
That the variations in gear did not alter the catch significantly for the
6
For an excellent account of Captain Thompson and fishing activities on the
"Eleanor," see The New Yorker, Jan. 4 and 11, 1947 ("Profiles").
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Figure 4. Surface and bottom salinity and temperature records, 1943-1946. Refer to
Table II for exact localities. The three low points in the salinity curve are due to the fact
that part of the fishing fleet often moves to the west for a brief period in the spring to meet
what is apparently an eastward migration of winter flounders, and these samples were taken
near the mouths of the Thames and Connecticut Rivers. Since the water samples were
collected from different localities within a fairly large area and in no regular annual pattern,
it is difficult to be certain whether the general decrease in salinity from 1943 to 1946 shown
above is a true reflection of general conditions or the result of variation in the position of the
stations. It would appear from Table II that the decrease may be real. The peaks and
troughs of the water temperature record show a slight increase over the whole period.

purposes of the work here reported, either in the quantity or in the
size-distribution of the various species, was demonstrated by compari
sons of different hauls under approximately comparable conditions.
Of greatest importance in this study was the knowledge, experience
and judgment of the skippers with whom we worked and who did their
best to provide us with typical catches and samples which were repre-
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sentative of each month (Fig. 3). Such sample hauls were taken over
a 36-month period; during this time at least one haul a month was col
·lected, except on five occasions when the weather, tie-ups or illness
caused a break in continuity (Tables II, IV-VI). One or more members of the laboratory were on board for all but three of the collections;
full field notes were taken and surface and bottom salinity and tem
perature records are shown in Fig. 4. It was the usual practice to take
the second or third haul of the day after observation of the first or
second drag had provided general evidence that the catch was typical
of the month. Always the guiding criterion was to obtain a repre
sentative haul. By estimating the quantity of fish to be taken after
seeing the first or second drag it was possible to judge the length of the
succeeding haul necessary to provide a sample for adequate laboratory
analysis. As an added means of judging the typicalness of the drag
selected for each month, a number of other trips were made for pur
poses of comparison; these indicated only minor variations insufficient
to alter the general conclusions. Each representative haul was bar
relled and iced immediately and transported by truck to New Haven;
the catches varied from less than a barrel to six barrels (roughly 200
pounds to a barrel). At the laboratory the catches were sorted by
species, and each individual fish was weighed, measured and sexed.
Additional data was then taken on all species for the life-history
studies; where the number of individuals was large, a sample covering
the entire size-range was studied, and where it was possible, all the
individuals were subjected to detailed analysis. Scales and otoliths
were taken, gonads and stomach contents were preserved, vertebral
counts were made, etc. Finally, for the purposes of this discussion,
all hauls were equalized to one hour's unit-of-effort. 7
Fig. 5 shows the number of species, individuals and pounds of fish
taken on each collection date on an hourly basis over the three-year
period. It is immediately apparent that the numbers in all three
categories were generally greatest in the summer and fall months and
7 The sample hauls actually varied from 30 minutes to two hours and 10 minutes
in length. It is possible that a small error was introduced by equalizing throughout
to one hour's effort, for, assuming an even distribution of fish on the bottom, there
is some reason to think that a trawl takes more in the first part of its drag than in any
subsequent part. Presumably, as the cod-end fills up with fish the strain increases
so that the effective fishing width of the net, as determined by the distance between
the otter boards, is decreased.
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Figure 5. Numbers of species, of individuals, and of pounds for one hour hauls by months
from August 1943 to July 1946.

least during the winter and early spring. Also, the peaks in numbers
of individuals and pounds did not necessarily coincide with the peaks
in numbers of species. Table IV shows that the haul in October 1943
contained an enormous number of sculpins, year-round residents,
which were taken in what was apparently a pre-spawning mass move
ment or congregation. The hauls in July, August and September 1944
were dominated by winter flounders, also year-round residents, as was
the catch in May 1945. In the hauls of July, August and September
1945, winter flounders, little skates, sand flounders and whiting-all
species which occurred with great regularity in the monthly catches
were the dominant elements; all except the whiting, which probably
migrates to the south in the winter, are permanent residents. On the
other hand, the peaks in numbers of species in October 1943, August
and December 1944, and September and October 1945, were due to
immigrants of temporary residence which were not present in great
numbers. The maximum number of species was 21 in October 1945,
of individuals 3,448 in July 1944, and of pounds 2,008.8 in August 1945.
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The smallest catch was made in March 1946-five species and 81 fish
weighing 71.3 pounds. The peaks of abundance of demersal fishes by
numbers and weight in the summer may be related to an abundance of
bottom invertebrates which in turn may be the result of optimal condi
tions and of the early summer plankton bloom.
TRASH VERSUS MARKETED FISH
At the time this investigation was begun, the war emergency had
brought about a demand for increased fisheries production. Since the
trawl fisheries take many species which are discarded as "trash" but
which could be utilized, and since few figures were available on tlie
proportions of the catch which were marketed, one of the objectives of
this study was to provide data on this subject. Leaving aside prob
lems of marketing and other economic considerations which have been
discussed elsewhere,8 analysis is rendered more difficult by the fact
that in the period covered by this investigation there was a distinct
tendency to market hitherto discarded or partially discarded species.
Instead of dividing the catch arbitrarily into marketed and nonmar
keted or trash components, therefore, it has been necessary in Fig. 6
and Table III to include an "occasionally marketed" category. The
increased tendency to market the forms in this grouping from 1943 to
1946 applies particularly to the whiting, windowpane flounder and
two hakes, although all of the species were saved to a greater extent
than before. In connection with Fig. 6 and Table III, note that the
undersized individuals in the marketed categories which would have
been shovelled overboard as trash are included in the figures for each
species. This fact renders the numbers, pounds and percentages of
the species in each group that were actually marketed slightly too
high. In the winter flounder the error from this cause in the period
from January to July 1944 is approximately one per cent of the total
weight; in the whiting the error in the fall and early winter (e. g.,
October, November and December 1943), when many individuals too
small for market are taken, is as high as 10 per cent of the total weight.
However, the over-all alterations in the general results from this factor
are small.
8 See especially pages 11-31 in Olsen and Merriman, "The biology and economic
importance of the ocean pout, Macrozoarces americanus (Bloch and Schneider),"
Bull. Bingham Oceanog. Coll., 9 (4): 1-184, 1946.
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TABLE Ill. NUMBERS, POUNDS AND PERCENTAGES OF THE 20 MOST COMMON FISHES IN THE
ONE-HOUR HAULS FROM 1943 TO 1946 BY SPECIES AND BY MARKETED, OCCASIONALLY
MARKETED, AND NoNMARKETED CATEGORIES. THESE 20 SPECIES REPRESENT
99.8% BY NUMBERS AND 99.5% BY WEIGHT OF THE TOTAL OVER THE
THREE-YEAR PERIOD

1943-1944
Marketed

No.

% of
total no.

Lb.

1944%of
total lb.

No.

%of
total no.

Pseudopleuronectes americanus . . . . . . 6,390. . 45.8 ... 3,603.4....42.3.....6,860.... .48.4..
65. . .5 ... 297.8.... 3.5..... 96..... .6..
Gadus morhua. . . . . . . . . . . . . . . . . . . .
.9.... .0..... 29..... .2..
3.. .0...
Stenotomus chrysops . . . . . . . . . . . . . . .
59. . .4... 43.0. ... .5..... 24..... .2..
Limanda ferruginea . . . . . . . . . . . . . . .
3.. .0...
1.7.... .0..... 30..... .2..
Paralichthys dentatus. . . . . . . . . . . . . .
Totals... . . .... . ....... 6,520 . . 46.7 ... 3,946.8... .46.3..... 7,039 .....49.6..
Occasionally Marketed
Merluccius bilinearis. . . . . . . . . . . . . .
Lophopsetta aquosa . . . . . . . . . . . . . . . .
Urophycis chuss ... . . . . . . . . . . . . . . . .
Prionotus carolinus. . . . . . . . . . . . . . . .
Urophycis tenuis . . . . . . . . . . . . . . . . . .
Raja stabuliforis . . . . . . . . . . . . . . . . . .
Macrozoarces americanus . . . . . . . . . .
Spheroides maculatus . . . . . . . . . . . . . .
Lophius americanus. . . . . . . . . . . . . . .

757..
464 ..
286 ..
21..
148..
71 ..
34 ..
36 ..

5.4...
3.3...
2.1...
. 2...
1.1...
. 5 .. .
. 2 .. .

341.0....
259.1.. ..
214.2 ....
11.8....
186.2....
220.6....
49.2....

4.1.....2,199.....15.5..
3.0..... 484..... 1.3..
2.5..... 186 ..... 1.3 ..
.1..... 43..... .3..
2.2..... 50..... .4..
2.6..... 64..... .5..
.6..... 44..... .3..

.3... 303.7.... 3.6.....

7

29.....

.0

.2..

Totals. .. . ... . . . . ... . . . 1,817 .. 13.2 ... 1,585.8....18.7..... 3,106 ..... 21.9..
Nonmarketed
Myoxocephalus octodecimspinosus. . . . 4,676.. 33.5 ...1,864.3....21.9..... 2,070.....14.6..
Raja erinacea ..................... 618 .. 4.4... 771.3.... 9.1.....1,367..... 9.7..
180. . 1.3... 91.1.... 1.1..... 339..... 2.4..
Paralichthys oblong us. . . . . . . . . . . . . .
87.. .6 ... 211.8.... 2.5..... 179 ..... 1.3..
Raja diaphanes . . . . . . . . . . . . . . . . . . .
28.. .2... 21.5.... .3..... 33..... .2..
Tautogolabrus adspersus . . . . . . . . . . . .
22.. .2... 16.9.... .2..... 30..... .2..
Hemitripterus americanus . . . . . . . . . .
Totals.... . . . ...... . .. . 5,611 . . 40.2 ...2,976.9....35.1.....4,018 .....28.4..
Grand totals ... . ....... 13,948

8,509.5

14,163

.,..
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TA11LE III. NUMBERS, POUNDS AND PERCENTAGES OF THE 20 MosT COMMON FISHES IN THE
ONE-HOUR HAULS FROM 19 4 3 TO 19 4 6 BY SPECIES AND BY MARKETED, OCCASIONALLY
MARKETED, AND N ONMARKETED CATEGORIES. THESE 20 SPECIES REPRESENT
99.8% BY NUMBERS AND 99.8% BY WEIGHT OF THE TOTAL OVER THE
THREE-YEAR PERIOD

Totals 1943-1946

1945
Lb.

% of
total lb.

No.

% of
total no.

Lb.

% of
total lb.

No.

% of
total no.

Lb.

% of
total lb.

4,0 5 6.7.. 40.7. 0 . 0 2,327. . . ..2 5.3 ....1,6 1 3 02 ...2 3.3 .... 1 5,577 . . ... 4 1.8....9,27 3.3 ... 3 6.5
299.1.. 3.0 .. ..
9 . .... .1.... 3907... .6 ... 0
170 . . ... .5.... 6 3 6 0 6 ... 2.5
2 3.8.. 02 . ... 1 1 5. 0 0 0 . 1.3 ....
7.9... .1.. 0 0 1 47. 0 ... .4.... 32.6... .1
1 8.3 0 0 .2 . . . . 1 8 . . . .. .2 . 0 .. 19.5... .3 .... 10 1 . 0 . . . 0 3.. .. 80.8... .3
7 4.4.. .7.... 52 ..... .6 ... 0 127.2 ... 1.8 .. 0 0
8 5. .... .2 .... 20 3.3... .8
4,472.3 .. 4 4.8 . . ..2,52 1 . ... 02705..0 .1,807.5...2 6.1.. .. 1 6,0 80 . 0 .. . 4 3.2... 10,22 6.6 ... 4O o2

902 09 ..
27 8.0 ..
1 40.1..
3 4.5 0 .
6 4.6..
2 4 4 02 ..
127.4 ..
3.0..
40 4.8 ..

9.1 . . .. 92 3 0 0 0 .. 10.1....
2.8 .... 1,1 52 ... . . 12.5....
1.4. 0 . 0 1 6 4 . 0 ... 1.8.. 0 0
.3 . 0 0 . 30 6 ..... 3.3 0 .. 0
0 6 0 0 . . 10 5. 0 . 0 . 1.1 .. 0 .
2.4 .... 22 0 0 . 0. 02 ....
1.3 . 0 0 . 62 . .... .7. 0 0 0
.0 .... 1 10 . 0... 1.2 .. 0 0
4.1 . 0 .. 1 8 .. 0.. .2 .. 0 0

3 4 8.1. ..
5 8 4.4...
122.4 ...
107.4 ...
470 1 ...
17 4.4 ...
171.7 0 . 0
62.4...
1 8 3.4 ...

5.0.... 3,879 . 0 ... 10.4 .... 1,592.0 ...
8.4 .... 2,100 ... 0 . 5.6 .... 1,12 1.5...
1.8 .. 0 0 6 3 6 . .... 1.7.... 476.7...
1.5 .. 0 . 370 . .... 1.0.... 1 5 3.7...
30 3 . 0.. 0 0 8... 0 29709 ...
.7..0 0
2.5.... 1 57..... .4 .... 6 39.2 ...
1 40 . .... .4. 0 .. 348.3 ...
2.5. o o •
1 17. . . . . .3.... 6 5.4...
09 .. 0 .
2.6 0 ...
8 3 0 . ... .2.... 89 1.9. 0 0

60 3
4.4
1.1
.6
1.1
20 5
1.4
.3
3.5

2,199.5..22 00 ....2,8 62 . o o .. 3 1.1....l,8O 1.3 ...2 509 ... o 7,7 8 5 . ....20.8. o .. 5,5 8 6.6 ...2 1.2

1,0 1 6.5.. 10.1 . o ..l,O22 .. o .. 1 1.1..... 499.1 ... 702 .... 7,7 6 8 . o ...20.8. o o .3,379.9 ...1 3.3
1,6 4 5.9 .. 1 6.4 ....2,197 .....2 3.9 ....2,122.4... 30.6 .... 4,1 82 ..... 1 1.2 ....4,5 39.6. o .17.9
1 50.6 0 . 1.5 . ... 376 ..... 4.1.... 179.9 .. 0 2.6 ... 0
89 5 . . ... 2.4.... 42 1.6... 1.7
4 4 3 ..... 1.2 .... 1,1 3 8.7 ... 4.5
4 4 3.6.. 4.4 .... 177 ..... 1.9 .. 0 0 4 8 3.3 ... 7.0 . 0 0 0
1,5.6.. .2 .... 1 8 .. ... ,2.... 2 403... .4 0 ...
79.. ... .2. 0 .. 6 1.4... .2
6 3 . . . . . .2.... 5 8.8... .2
9.5... .1....
32.4.. .3 . . . . 1 1 .. ... .1....
3,30 4.6 .. 32.9 .... 3,80 1 .....4 1.3 .... 3,3 1 8.5... 47.9 ....1 3,4 30 .. ... 3 6.0 .. 0 .9,600.0. 0 . 37.8
9,976.4

9,1 8 4

6,927.5

37,29 5
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by years and for the three-year total. Data compiled from monthly sample hauls.
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In the three-year period from 1943 to 1946, 40.2 per cent of the total
catch by weight was marketed, 21.2 per cent occasionally marketed,
and 37.8 per cent was discarded as trash. The increased utilization
of the occasionally marketed species in the war emergency was en
couraging; all of these forms can and should be marketed regularly,
especially the whiting and hakes, which suffer heavy mortality even
under best conditions when returned to the water after being taken in
the trawl. Windowpane flounders (with their exceptionally fine flavor),
barndoor skates, and goosefish clearly have a place in the m arket.
Among the nonmarketed fishes the sculpin and little skate are the
major elements (Table III). The mechanical difficulties of handling
these species and the relatively small edible proportion to be recovered
from them has precluded their utilization to date, but similar forms
are retained and marketed in fisheries in other parts of the worl.d.
Furthermore, as will be shown later (p. 162), the relationship between
the winter flounder and small skate may be such that it might be
advantageous to fish the skate population down to a lower level. The
four-spotted flounder presents difficulties because it spoils so fast, but
these could perhaps be overcome, and the big skate could certainly be
used, as could both the cunner and sea raven.
Of the 21.2 per cent by weight of the fishes in the occasionally mar
keted category over the three years of this study, certainly more than
half was actually saved. In round numbers we would estimate,
therefore, that 55 per cent of the total catch by weight was actually
marketed and 45 per cent discarded as trash. Annual variations in
the percentages of marketed, occasionally marketed, and nonmarketed
categories were not significant except in 1945-1946 when the trash
species were relatively more abundant-47.9 per cent by weight; this
was due to the much greater proportion of little skates (p. 149).
ANALYSIS OF THE POPULATION
THE ADEQUACY OF SAMPLING

In an analysis of this sort in which conclusions are based on monthly
one-hour drags over a three-year period, the adequacy of the sampling
is obviously a critical factor. We have already stressed the fact that
the knowledge and full co-operation of the captains of the vessels from
which the representative hauls were taken were of major importance
(pp. 143-145); the judgment of these men as to the typicalness
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of the drags was invaluable. We have also mentioned the fact that in
addition to the days on which the samples were taken we made other
trips on the "Eleanor" and other draggers for comparative purposes
so that we often had more than one day on which to choose the monthly
sample hauls.
Still other means of testing the adequacy of sampling are available
from catch statistics. In Fig. 7A we have indicated the shipments of
winter :flounder (the dominant element of the catch) from Connecticut
to the New York market by months in 1945. Since by far the major
proportion of the landings of this species from Connecticut is shipped
to the New York market, even though the intensity of fishing varies
somewhat according to the season of the year, this graph provides
consi:derable evidence as to monthly :fluctuations in abundance and
availability. In Fig. 7B the catch of winter flounder in the monthly
sample hauls over the same period is shown. Note that, except for
one month (June), the trends in abundance compare remarkably well
with those indicated in Fig. 7A. Furthermore, with respect to June,
even in the absence of the New York market statistics, reference to the
catch of winter flounder in the sample hauls of that month in 1944 and
1946 (Table V) would have shown that the corresponding sample in
1945 was probably inadequate in its representation of this species.
The adequacy of this method of sampling as a means of showing trends
and fluctuations in abundance thus receives much support from the
comparison of Figs. 7A and B.
As a final check on the sampling method, the captains of the
"Eleanor" and the "Marise" were asked to keep specially prepared
logs of the catch by species in every haul for over a year. This data,
scrupulously taken by both men, provided a basis for comparison of
the monthly one-hour samples with the monthly catches. Fig. 7C
shows the pounds of winter flounder caught per hour's trawling by
months from April 1945 to March 1946 in the sample hauls and in the
"Eleanor's" monthly catch. Again the trends in abundance, though
by no means perfect, are comparable over the majority of the period
covered. However, it is clearly evident from this graph that the
captain of the "Eleanor" favored us in the sample hauls. In other
words, the sample hauls tend in most months to be much larger than
the average haul in the same period-in more than half the months in
which comparison is possible the sample drag contained over twice as
many winter flounders as the average haul. It is clear, then, that
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while the sample hauls provide evidence of trends in abundance, they
are of dubious value in estimating total monthly or annual production;
if we attempted to estimate the vessel's monthly or annual catch by
multiplying the sample hauls by the number of hours fished, the results
would be grossly in excess of the actual take. However, comparison
of the composition of the catch in the sample hauls with that of the
daily and monthly catches as recorded in the logs indicates, in general,
that the proportions of the component species by months is quite
accurately represented in samples. Fluctuations in relative abund
ance of species by months can therefore be demonstrated by this
method of sampling.
There are also other limitations to be considered in regard to sam
pling the population of fishes in an area by taking representative hauls
from the commercial vessels. First, the samples are restricted to the
localities where the bottom is sufficiently smooth to permit the opera
tion of the trawl; the composition of the population and the relative
abundance of the species in those localities within the whole area
which cannot be worked are unknown. Second, within the localities
which can be trawled, the fishermen of course go to places which they
know from experience will give them the best catch at any particular
time of year; in short, they try to go where the fishing is best, and under
certain circumstances when the boats are crowded into one locality,
the drain on the population is such that an early haul may differ con
siderably from one later in the day. Therefore, the samples are not
necessarily typical of even all the smooth bottom within the entire
region. Strictly $peaking, they are typical only of what are probably
the most productive smooth bottom localities each month within the
whole area.
SEASONAL ORGANIZATION

Monthly samples in the period from August 1943 to July 1946 were
collected in 31 out of the possible 36 months. January, February and
December 1945 and April and July 1946 were the periods omitted.
Tables IV, V, and VI show respectively the numbers, pounds, and
average weights of the individual fish by species per one-hour haul per
month during the entire investigation.9 Where no figure is recorded
9 The totals for each year (August through July), as well as the grand totals for all
three years, are also shown in Tables IV-VI, but no attempt has been made to equalize
for the different year's effort, although hauls were made in all 12 months in '43-'44,
in only 10 months in '44-'45, and in only nine in '45-'46.
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for a species on any particular date it means that none were taken.
Examination of this material provides much information on seasonal
organization and relative abundance. Block Island Sound is roughly
in the middle of the geographical range of the great majority of the
more common species encountered, but obviously none of these fish
are confined in their distribution to the limited area sampled; some are
present on a year-round basis, while others show seasonal trends in
their presence or absence, and some are much more highly migratory
than others.
The following list considers the different species in the order of
number of occurrences out of a possible total of 31:
The winter flounder and the little skate top the list; they were present
in all samples. These two species are permanent residents in the sense
that representatives of both were always present, although.the actual
quantities varied widely. This does not mean that they are non
migratory forms; indeed our tagging experiments show that the winter
flounder undertakes considerable migrations in Long Island Sound
and southern New England waters.
The longhorn sculpin was present in 29 out of the 31 months; it was
missing in August and September 1945 and tended to be more abundant
in the fall, winter and early spring months. It spawns in the winter
and deposits its eggs on the dead-man's finger sponge (H aliclona) and
other objects in the area directly off the southern coast of Rhode Island
which is fished intensively at this time of year. Tagging of this species
also shows that it may undertake considerable movements in Block
Island and Long Island Sounds, and the enormous catch of sculpins on
several occasions indicates mass congregations that must involve
migrations.
The windowpane flounder was also present on 29 out of the 31 pos
sible occasions. It is by no means as abundant as the preceding forms,
and although our tagging again shows that it undertakes considerable
movements in southern New England waters, it, like the species men
tioned above, is unquestionably present on a year-round basis in this
area.
The big skate, also apparently in this region in limited numbers at all
times of year, was absent from the samples on five occasions. How
ever, this species is more migratory than might be expected, as shown
by the fact that one which was tagged by us off Block Island in June
1946 was recaptured six months later off Sandy Hook, New Jersey.
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The whiting shows a definite seasonal pattern of abundance. It
was present in 23 samples, but was absent January-April 1944, March
and April 1945, and February and March 1946. It appears in the
spring of the year (May)-presumably from the south-and is present
in greatest numbers in the fall months.
The sea raven was taken in 20 samples out of the possible 31. This
species is present in limited numbers only, and the months in which it
was absent over the three-year period give no evidence of any seasonal
pattern indicative of extensive migration. The fish is apparently a
permanent resident of limited abundance.
The four-spotted flounder, on the other hand, is clearly a migratory
species. It was present in 18 samples and was missing from the catch
from November 1943 through April 1944 and over much the same
period in 1944-1945 and 1945-1946. The peak of abundance was in
August and September in all three years, although the fish is apparently
present in the area from May to November.
The squirrel hake shows an almost identical pattern of abundance
and must similarly be a seasonal migrant. It was taken in 18 samples
during the spring, summer, and fall, and obviously tends to be absent
in the winter.
The goosefish was taken in 17 samples in limited numbers and showed
a tendency to be less abundant in the winter and more common in the
summer months.
The cod, taken 16 times, apparently migrates to this area in the fall
and is taken most commonly in the colder months of the year.
The yellow-tail flounder, also taken 16 times, was more often present
in the winter months.
The barndoor skate was caught in 14 hauls and was most abundant
in the summer months.
The white hake closely parallels the squirrel hake in that it tends to
be absent in the winter and is clearly a seasonal migrant.
The ocean pout, also taken 13 times, tends to be absent in summer
months and is only available to this fishery in any quantity in winter
and spring.
The common sea robin and the summer flounder, present 12 and 11
times respectively, are obviously spring and summer immigrants and
do not occur in the winter.
The cunner and the spiny dogfish are only taken in the trawl in the
warmer months and the scup shows much the same pattern of occur
rence. This is also true of the butterjish, striped sea robin and puffer.
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The smooth dogfish, herring, alewife, sea bass, kingfish, tautog, filefish,
haddock, spotted hake and witch flounder all occurred only once or twice
in the 31 hauls. Their numbers in the trawl samples are insufficient
to provide much evidence as to migratory patterns or seasonal abun
dance. Some, like the tautog, alewife, sea bass and kingfish we know
from other types of fishing are often present in this region in good
numbers. Others, like the filefish, spotted hake and witch flounder
are apparently no more than comparatively rare stragglers into the
area.
RELATIVE ABUNDANCE AND lNTERSPECIFIC RELATIONSHIPS

Reference to Tables III and V show that in terms of poundage the
six most abundant species over the three-year span were:

Winter flounder (Pseudopleuronectes americanus)
Little skate (Raja erinacea)
Sculpin (Myoxocephalus octodecimspinosus)
Whiting (Merluccius bilinearis)
Big Skate (Raja diaphanes)
Windowpane flounder (Lophopsetta aquosa)

Per cent of
total by
weight

36.5
17.9
13.3

6.3
4.5
4.4

Per cent of
total by
number

41.8

· 11.2

20.8
10.4
1.2

5.6

Together these represent 82.9 per cent of the total catch by weight
and 91.0 per cent by number. By weight the next most abundant
species is the goosefish (Lophius arnericanus), which accounts for 3.5
per cent of the total, and following it come the barndoor skate (Raja
stabuliforis) and the cod (Gadus morhua), each of which amounts to
2.5 per cent of the total. In terms of numbers, the four-spotted
flounder (Paralichthys oblongus) ranks sixth with 2.4 per cent of the
total, the squirrel hake (Urophycis chuss) seventh with 1.7 per cent,
and the big skate (Raja diaphanes) eighth although it is fifth in per
cent by weight. All of these forms are wholly or partially demersal;
the only ones which are not strictly bottom-living and bottom-feeding
forms are the closely related merlucciid (whiting and hake) and gadid
(cod) fishes, although even these commonly feed on or near the ocean
floor. Of the six most abundant species in terms of per cent of the
total by weight, all except the whiting are resident in the sense that,
although they may migrate considerable distances and are by no means
confined to the area under consideration, representatives are unques-
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tionably always present; the whiting, as we have seen (p. 156), is
highly seasonal in its occurrence and presumably migrates north in
the spring and south in the winter.
The catches of the five major resident species in pounds per one-hour
haul per month over the three-year span are shown in Fig. 8. Note that
the peak catches of winter flounder were made in the spring and early
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Figure 8. Seasonal fluctuations in abundance of the five major resident species-reading
from top to bottom, winter flounder, little skate, longhorn sculpin, big skate, and window
pane flounder. Data given in pounds per one-hour haul by months from August 1943 to
July 1946.

summer months, while the peak catches of the little skate follow
slightly later in the summer. The big skate and the windowpane
flounder show almost identical peaks coincident in point of time,
though by no means of equivalent quantity, with those of the small
skate. The sculpin peaks of abundance occur in the fall (October-
December), except in 1945, and spring (February-April); these peaks
may result from pre- and post-spawning migrations, and do not coin
cide with the times of maximum quantities of the other species. In
fact the sculpin population appears to be at its lowest level when first
the winter flounder and then the little skate, big skate and windowpane
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flounder are abundant. There is in these data, then, some indication
that either there is competition between species (particularly between
winter flounder and little skate), or that the life-history and move
ment- or migration-patterns of these species fit together in such
manner that the peaks of abundance of demersal forms do not coin
cide. It may be that food conditions on the bottom is the controlling
factor. We have seen (Fig. 5 and pp. 145-147) that the peaks in
total poundage tend to occur in the midsummer months. The maxi
mum hourly catches are of the order of magnitude of 1500-2000
pounds. Knowing the speed of the boat (1.75-2.00 m. p. h.) and the
fishing width of the net (approximately 45 ft.), it is possible to esti
mate that in an hour's drag on the average the trawl covers roughly
10 (or at a maximum, 12) acres of bottom. This means that under
optimal conditions the bottom carries 150-200 pounds of fish per acre
at any one time. This figure assumes that the trawl takes all the
demersal fish in its path, which is of course not true; however, the
small fish and those larger individuals which do escape would prob
ably not raise the poundage figure to any great extent, and we are
therefore justified in calling 200 pounds an approximate top figure.10
In this connection, there are of course two trophic levels within this
community of fishes; one is dependent upon invertebrate food and one
depends on fish for food. We estimate that the ratio of invertebrate
eating to piscivorous forms for the three-year span was 5. 7 : 1. How
ever, this proportion varied considerably according to the time of year.
For January, February and March 1944-1946 it was 7.3 : 1, for the
April-June period 13.3 : 1, July-September 11.5 : 1, and October
December 4.9 : 1. This variation is of course due to seasonal changes
in the composition of the population. The chief fish-eating forms are
the whiting and goosefish, with the cod and hakes being semi-pisci
vorous, and the sculpin, sea raven and sea robins completely omni
vorous but probably depending considerably more on invertebrates
than on fish for food in the localities worked by the trawl. The figures
given above should not be taken as a strict prey-predator relationship,
since a number of the adult invertebrate-feeding forms are too large to
serve as prey for predators; especially is this true of the skates, ocean
10 The amount per acre calculated from the four largest catches in pounds per hour
is actually 181.3 lbs. (20.3 g. per sq. m.), and from the six smallest catches 20.2 lbs.
(2.3 g. per sq. m.); for the average of the entire three-year span the figure is 82.3 lbs.
(9.2 g. per sq. m.).
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pout, cod and some flatfish. The matter is further complicated by
the fact that some predators (e. g., the whiting) prey on their own
species, and that in these estimates all sizes of goosefish, whiting, etc.,
have been counted as piscivorous. We judge that the ratio between
those invertebrate-feeding forms which are small enough to serve as
prey and the predators is of the order of 4 : 1 for the three-year period.
Returning to the matter of interspecific competition, Fig. 9 shows
the per cent of the total annual catch of the five major resident species
for the three years, plotted by three different methods. This approach
eliminates seasonal variations and migratory patterns within the
annual cycle. Here again the data are somewhat suggestive of an
inverse relationship between the winter flounder and the little skate.
As the catch of winter flounder goes down from 1943 to 1946, the catch
of little skate goes up. The sculpin catch also descends, and the big
skate and windowpane flounder catch rises, although to a lesser degree.
The inverse correlation between the percentages of winter flounder
and little skate is high, but the data are insufficient to have mathe
matical significance. A fact which partially mitigates the validity of
this material is that in the last year (1945-1946) no sample was taken
in July. This is a month in which large catches of winter flounder
are usually made, and therefore its omission in 1946 might seriously
affect the ratio of this species to little skate for the whole year. How
ever, July is also a month in which the little skate is on the ascendancy,
and it is significant, too, that the July landings of winter flounder by
eastern Connecticut vessels (as judged by shipments to the New York
market) was approximately 15 per cent less in 1946 than in either of
the preceding years. In connection with the importance of a single
month when the data are lumped together in years, note that one
month may provide a large percentage of the annual catch. For
example, this is particularly true of the October 1943 sample of scul
pins as well as of the August 1945 haul of little skates (Table V).
Therefore, as we have emphasized before (p. 145), it is essential in
such an analysis that each monthly haul be as representative of that
period as possible; otherwise an entirely false picture of relative
abundance might be obtained.
Further evidence that there may be some sort of competition or
reciprocal relationship between the winter flounder and little skate is
found in the results of stomach-content analyses, although of course
food is by no means the only factor controlling the numbers of indi-
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Figure 9. Per cent of the total annual catch occupied by each of the five major resident
species iu 1943-1944, 1944-1945, and 1945-1946. The same data is plotted by three different
methods.
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viduals and species in any particular area. Our analyses show that
the amphipod, Leptocheirus pinguis, is the dominant item of food in
both species-approximately one-third by volume. In the winter
flounder the two next most important items are Unciola and ampelis
cids; these forms are also common in the little skate, although Cancer
and Crago follow Leptocheirus in per cent by volume. There is,
therefore, much in common in the feeding habits of winter flounder and
little skate in the area studied. By sharp contrast, we find that in the
windowpane flounder by far the dominant item of diet is mysids,
which are less than five per cent by volume of the stomach contents of
the winter flounder; it is clear that these two flounders do not compete
for the same food.
All told, there is a considerable body of evidence that an inverse
relationship of sorts exists between the winter flounder and little skate.
There are the wholly independent and unsolicited comments of old
time skippers that in the early days of the flounder fishery there were
relatively few skates in the catch (p. 137). There is the fact that the
seasonal peak catches of these two species, while both occur in the
warmer months of the year, do not coincide; the winter flounder is on
the decrease as the little skate increases in abundance (Fig. 8). There
is also the inverse correlation between the per cent of winter flounder
and little skate in the total annual catch in the three-year period
covered by this study (Fig. 9). Finally, there is the evidence from
stomach content analyses which reveal a high degree of similarity in
feeding habits.
CONCLUSIONS
The study of the population of fishes sampled by the winter flounder
trawl fishery off the Connecticut and Rhode Island coasts from 1943
to 1946 presents many other possibilities for analysis than those already
mentioned. Unlike most marine fisheries investigations which are
confined to a single species which is the dominant element of the catch,
this is an attempt to make a preliminary analysis of the whole popula
tion of demersal and other forms which are taken in the trawl. In
general the approach is holological rather than particulate. Quite
apart from the data (not included herewith) which the study has
yielded on the life-histories of the individual species, the information
is essential for a thorough comprehension of all the conditions of the
fishery. It also provides a basis for comparison in the future, and so
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affords a means of approach to the question of overfishing and other
problems which should be of utility. The conditions are such that the
collection of data can be duplicated at any time, and any changes in
the over-all population or in any of its specific parts can therefore
be studied.
DISCUSSION

Van Oosten: This paper is now open for discussion.
Burkenroad: I would like to raise one point with regard to the adequacy of your
sampling. In our experience a fishery is directed toward the fish which it is most
profitable to catch at the moment. There is a considerable amount of difference be
tween the fishes at different spots in a given region, and the fishermen are highly
aware of that, so it is entirely possible that your ratios are not representative of
anything but the state of the market.
Merriman: That is a fair comment. However, this is predominantly a winter
flounder fishery the year round. The samples are obviously taken in those localities
within the whole area where the fish are concentrated to best advantage for the
commercial fishermen, since we are dependent on the commercial fleet for our analy
sis. That is the way we sometimes feel about the analysis of tagged fish-the tagging
might show where the vessels fish rather than where the fish go.
Burkenroad: Even if the fishery is predominantly for the winter flounder, the other
species may represent the margin of profit; and the ratios of species to species in the
catch may thus be governed by spot-fishing controlled by changes in price, rather
than by ratios of total stocks of each in the area. Therefore, in the same way as
Herrington weighted his halibut tag returns according to local fishing intensities, it
would seem necessary to compare your ratios with prices before assuming that the
changes have any biological significance.
JJferi·iman: I am aware of that possibility. However, from our rather extensive
experience in this particular fishery and from simultaneous observation of market
prices, we do not feel that this factor affects the results of our analysis materially.
In short, we feel that the over-all ratios of species to species in the catch reflect in a
general way the actual condition of the population.
Huntsman: The outstanding thing seems to be a difference between winter and
summer. Would you say that is due to the fish not remaining in the area in the
winter or not being caught?

3
l
)

Merriman: That is due to the fact that they do not remain in the fishable localities.
If a man in the wintertime tries one locality and gets very little he tries other local
ities. I have a table showing the areas fished and you will see that they are dis
tributed pretty evenly.
Huntsman: Would you say there is a movement offshore in winter and onshore in
summer? Where are the fish in the winter? Could they be taken somewhere else
by some fishermen?

I
I
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Merriman: Some of the species tend to move to the south. However, in the case
of the ooean pout we know that they go into a rocky bottom area where they are not
available to the trawl in summer, and some of the flounders move inshore in winter.
All these areas are not capable of being dragged.
Huntsman: The tagging done on the cod, which might be considered a representa
tive fish of this sort, seemed to show two different types of movement which you got,
more or less, all along the coast-movement offshore in winter and onshore in summer,
and then a wandering from the region which involved a relatively small proportion
of the population, in some places at least.
Merriman: We would say, judging from our experience, that cod came onshore in
the winter. They are present in the winter months.
Herrington: That movement might be affected by temperature c'hanges.
Merriman: Surely.
Herrington: If your fish are not in this area throughout the year, is your figure of
production per acre valid?
Merriman: I only quoted that as a maximum that could be expected.
Herrington: What do you mean by that figure? Is that the amount of usable
fish that the bottom can feed and maintain and that can be taken off yearly or is it
the catch-per-unit-of-effort,-that is, is it the production of the trawl or the pro
duction of the bottom?
Merriman: It is actually based on the production of the trawl.
Herrington: I think it is more pertinent to know whether or not your catch per
trawling hour is the measure of the productivity of the bottom considered in terms of
the area trawlable. What you catch represents the concentration of fish which may
have put on their weight and their growth in other places.
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6. ESTIMATING FISHING INTENSITIES
BY ALFRED

w. H. NEEDLER

Fisheries Research Board of Canada

ABSTRACT
The two principal points in this discussion are: (1) the distinction between availa
bility as indicated by catch-per-unit-of-effort and population as indicated by fishing
mortality and catch, and (2) the decline, as fishing intensity increases, in the value
of availability as an indication of changes in abundance and the corresponding in
crease in the importance of knowing fishing mortalities and populations. The latter
are essential to any clear understanding of intensive fisheries and whether or how
to manage them.

DISCUSSION
! 1r. Chairman, I shall try to modify my remarks in the light of
preceding presentations and discussions, hoping on the one hand to
avoid repetition and on the other to provoke discussion. The title
was assigned to me and is perhaps misleading, as I intend to speak of
the significance rather than the methods of estimations of fishing
intensities and populations.
To offset any apparent over-simplification I would like, first of all,
to make a generalization about generalizations. It is quite obvious
that no generalizations are valid in these matters unless they are
qualified-unless they are what might be called conditioned or dy
namic generalizations. We cannot say simply that any one factor is
most important in all fisheries, either when assessing the potentialities
of all fomeries or attempting to manage them. We cannot even say
that any one factor is important or unimportant in all fisheries.
It was interesting, for example, in our discussion on trapping fish to
surmise that in time we could probably contrive a sound generalization
to the effect that the frequency with which a trap should be hauled to
get the largest average catch per day would have a special relationship
for each species to the fullness of the trap. On the other hand, we
obviously could not generalize more simply and say that the catch
either always increases or always decreases with frequency of hauling.
A great many factors affect the estimation of populations, the
changes in populations and the devising of management procedures
in which, after all, we are all interested in the broad sense of deciding
165
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what action may be taken to improve the take of fisheries. There is
no fishery in which there are not a great many factors at work, and
this brings me to one more generalization; namely, that even though
one or more factors may be demonstrated to be particularly important
in any one fishery, that does not necessarily mean that others do not
have their effects. One might take our discussion of the Pacific hali
but fishery as an example. To say that the fluctuations in abundance
are principally caused by factors other than the fishery does not mean
that the management of the fishery or control of fishing effort might
not raise the general levels about which the fluctuations caused by
these other factors occur.

Estimating Availabilities and Estimating Populations. There is a
great mass of data on the catch-per-unit-of-effort which is practically
synonymous with availability or the ease with which fish can be
obtained.
Now, this is quite distinct from estimation of the actual population
by relating the total catch to the fishing mortality (as measured, for
example, by proportion of marked fish recaptured). Although catch
per-unit-of-effort may change in such a way as to indicate changes in
the population, there is many a slip 'twixt the cup and the lip, because
it has never, I think, been quite demonstrated that the catch-per
unit-of-effort is directly proportionate to the population. A great
many other factors may enter in the fishing process.
Importance of Population Estimates Depends on Intensity. Knowl
edge of availability is always of direct practical importance to the
fishery. Its value as an indication of abundance and, consequently,
as a basis for management, declines with increasing intensity of fishing,
and at the same time the importance of estimating the population
increases.
Fisheries with Low Intensities. From the very start of a fishery it
is important to know how much effort is necessary to catch fish.
That determines the immediate economic prospects.
In a great many new fisheries-for instance, our explorations for
herring in the'Gulf of St. Lawrence-we are not immediately concerned
with the total population. We are most definitely concerned with
availability and how it varies with time and place. We are interested
in the total population as an indication of the long-term potentialities
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and of what the expected industry might do to the population, but
we are still concerned primarily with availability.
Then there are old fisheries which are still limited by demand as,
for example, the herring fishery in the North Sea. I think that there,
where the population has supported a very large fishing industry over
a very long time and where the fishery is still limited by demand
rather than by supply, it is not of much practical importance to know
how many herring are in the sea. It is very important to know about
availability, how catch-per-unit-of-effort varies from place to place
and from time to time; and it is especially important because where
there is an economic rather than a biological limitation to the fishery
the cost of capture is extremely important. It has an importance
which does not enter into such fisheries as those (one might list many:
lobsters, whitefish, and so on) in which the demand is very good and
in which the industry can afford to use expensive methods of capture.
Fisheries with Moderate Intensities. Now, we might proceed next
to what one might call the moderately intensive fisheries, such as the
haddock and the halibut. In these fisheries, with fishing mortalities
of the general order of 10 to 20 per cent, estimations of fishing mor
tality and population become more important. Fishing mortality
becomes a serious factor in the composition of the population as to
size and age. In this connection I would point out that when one
speaks of a fishing mortality it is usually in terms of a mortality during
a certain period. An annual mortality as low as 10 per cent extended
over twenty years of the life of halibut has a tremendous effect on the
abundance of the older halibut. A similar fishing mortality applied
to a fish like, say, the silverside, which is caught in only one of its
years, is much less serious.
Now, in these moderately intensive fisheries we have a great deal of
difficulty in making fishing mortality and population estimates,
because the fishing mortalities are still so low as to make a high degree
of accuracy very difficult, using methods which are effective in really
intensive fisheries.
Fisheries with High Intensities. In this arbitrary classification a
"really intensive" fishery is one such as the lobster fishery which, in
Canadian waters, catches from about 40 to about 80 per cent of the
lobsters of marketable size present on the fishing grounds in any one
year. A knowledge of the population is important in these very
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intensive fisheries, and I presume there must be a great many fisheries
which are equally intensive. Our knowledge of fishing mortalities is
only in its infancy at the present time.
Knowledge of the size of the population and of the fishing mortality
is very important in estimating the potentialities of such a fishery.
Without such knowledge one might think, "Why, there are plenty of
lobsters in the sea. We can greatly enlarge the number of fishermen
and they'll all still make about the same kind of living." In an area
where 80 per cent of the catchable lobsters are being caught each year,
the prospects for a much larger fishing population obtaining almost
the same sort of living are very low, and lower than in the places where
fishing mortality is very much less .
. In these intensive fisheries it is necessary to estimate populations
through fishing mortalities in order to understand changes in abun
dance, because the catch-per-unit-of-effort fails entirely to indicate
such changes. In the Canadian lobster fishery the catch-per-unit-of
effort in the first week of the two-months' season, if an adequate
sample could be taken, might indicate the abundance of the lobsters
at the beginning of the season, but the fishery is so intensive that the
abundance is often reduced to a stage where the fishermen stop fishing
before the end of the season. Under these circumstances it is very
difficult to obtain any estimate of changes in abundance from year to
year on the basis of catch-per-unit-of-effort, and the total catch would
be a very inaccurate indication unless corrected by some knowledge of
the fishing mortality.
Fishing Mortality and Size Limits. There is another value in know
ing the fishing mortality which is important in intensive fisheries, and
that is in its application to the problem of size limits. Whether or not
the capture or retention of fish below a certain minimum size limit
should be prohibited depends on whether or not the total take would
be increased by catching the fish at a higher average size than would
occur without that particular restriction. Knowledge of the fishing
mortality is an essential to forming a sound opinion on this question.
For example, if we are catching a known high proportion (such as
80%) of the marketable lobsters in a certain locality, if we know the
rate of increase in weight of the individual lobsters near the lower
limit of size at which they are caught, and if we can estimate the
mortality from other causes than fishing ("natural mortality"), then
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we can predict whether or not a new or a higher minimum size limit
would lead to a greater weight of lobsters being caught. There are
obviously many difficulties in the way of making such a calculation.
Natural mortality, for example, may be estimated as the difference
between total mortality as shown by age frequencies and fishing
mortality as shown by the proportion of marked fish returned. Ac
curacy is obviously difficult and limited but may set reliable limits
which permit the sound conclusion that the size at which the lobsters
are caught should be increased. There is a further difficulty in that
we cannot predict the effects, on the natural mortality and on the
growth rate, of increasing the population on the fishing grounds by
establishing or raising a size limit. But here, again, we must fall back
on population estimates to discover what the effects actually are.
We should have them before and after the action is taken.
With these few generalizations about the value of estimating the
population through fishing mortalities and of knowing fishing mor
talities themselves, I shall close and hope that other points may be
brought out in discussion.
DISCUSSION
Van Oosten: Dr. Needler is now open for "needling."
Huntsman: You insist upon the primary importance of availability .rather than of
the populations. Is that based upon the belief that the problems with which you are
particularly concerned will be sufficiently handled without knowledge of populations,
or that the whole thing is so vast that you had best take what seems to be the easier
way of getting a fair answer?
Needler: The latter. I think the long-term solution of the problem should include
an estimate of the population in all cases, but for the immediate practical purpose
the availability is most valuable in many instances.
Huntsman: I am entirely in agreement with you. I have been pressing strongly
for the assessment of the populations because, to deal effectively with populations,
we must measure them. Availability is of first importance economically-the
fisherman wants to know whether he is going to get fish or not. Nevertheless, if we
are to take account of variability in availability, it is essential to know something
about the size of the population, which I think you were trying to indicate.
Needler: I think in those cases where the fishery is not very intensive, availability
is a better indication of changes of abundance than it is in the case where the fishery
is really intensive and in which the catch-per-unit-of-effort is affected by the :fishery
as the season progresses as well as by the abundance at the beginning of the fishing
season. That, of course, is a lucky thing, because in the less intensive fisheries the
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Here we will take April 30 as the mean time of departure, and hence
assign 11.5 months of lake life to the young salmon during the time
they are in the age-group 0, that is, while they are fingerlings. Thus
the year-class of 1930 lives in the lake from May 16, 1931 to April 30,
1932. In addition to the yearling migrants there are a certain number
of young which remain in the lake a second year; in the example of the
year-class of 1930, these two-year-old migrants would leave the lake
in April 1933, having spent the period May 1, 1932 to April 30, 1933
(approximately) in the lake as age I or yearling salmon. The number
of these age I sockeye varies greatly; though usually a minority group,
occasionally they exceed the number of yearling migrants of the same
year-class. There are also a certain number of sockeye which never
leave the lake (Ricker, 1938b). The number of these too is very
variable, but even at best they appear to be scarce in relation to the
number of migrants, and they cannot be included in our computations
of production.
The following definitions can therefore be made:
1. The yield of sockeye from the lake in the year n consists of the
weight of yearling migrants of year-class (n - 2), plus the weight of
two-year-old migrants of year-class (n - 3).
2. The yearling stock in the lake just prior to migration is equal to
the weight of yearling migrants leaving the lake, plus the weight of
yearlings which do not leave the lake then, but whose survivors leave
a year later.
3. The production of sockeye in the lake during a year's time (May
1-April 30) is the sum of (1) the total weight increment within the age
0 population from the time it hatches (considered as May 15) to the
time it appears as age I yearling stock the following April 30; plus (2)
the total weight increment within the age I population from May 1 to
April 30.
BASIC DATA
Obviously, to compute the production of sockeye for a year we should
know, for both age O and age I individuals:
· a. the number and weight of the fish present at some time during
the year;
b. the rate of growth during successive short periods throughout
the year;
c. the rate of mortality during the same periods.
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Some information on each of these points is available for the Cultus
sockeye, though the data are not always as accurate as would be
desirable.
(a) The determination of the number and weight of young sockeye
present is easiest at the end of the year, i·.e., at time of migration in
April. A direct count of the migrants and their average weight is
available for all years (Foerster, 1944). The only uncertainty con
cerns the number and weight of nonmigrants. The majority of the
survivors of these nonmigrants will migrate the following year, and
their numbers then are available. In a later section (p. 194) evidence
is presented that the sockeye suffer about 90 per cent mortality in
their second year (as compared with 94 per cent in the first year), and
accordingly these numbers are multiplied by 10 to give their initial
abundance as yearlings. Following the change in survival rate which
accompanied predator control, estimates of the number of n onmigrants
are made on a different basis. The number of two-year migrants
is multiplied by only 3, instead of 10, to give the number of nonmi
grants of the previous year, because the new survival rate is about
three times the old.
The average weight of a nonmigrant fish must also be estimated for
each year. It is considerably less than that of the migrants of the
same year-class, at least in years when nonmigrants are relatively
numerous. From computed lengths at the annulus formation (Foer
ster, 1944: 272) it is possible to estimate that the yearling nonmigrants
of the 1927 year-class were 0.55 of the weight of the migrants, on the
average, and those of the 1931 class were 0.40. These ratios have
been used for the corresponding years in Table I. For other years it
is necessary to guess, using the principle that the ratio of average
weight of a nonmigrant to a migrant is inversely related to the num
ber of the former (their percentage of the total year-class) and also to
the average size of the migrants.
Fortunately nonmigrants usually are few in number compared to
the yearling migrants, so any arbitrariness in estimating their numbers
and their weight can have little effect on the total result, except in the
case of the year-classes of 1928 and 1932. The complete schedule of
estimates of numbers and weight of the yearling stock is shown in
Table I.
(b) To obtain estimates of the growth of the sockeye throughout the
year, samples taken from the stomachs of piscivorous fishes are
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NUMBER AND WEIGHT OF YEAR-OLD MIGRANTS, NONMIGRANTS, AND
TOTAL YEARLING STOCK

1

2

3

4

.5

6

7

8

9

10

Year- �-Migrants� ,,,.......---Non1nigrants-----.
Total yearling stock
class Number Average Total Number Average Total Number Average
Total
(thouweight weight
(thouweight
weight
weight weight
(thousands)
sands)
(kg.)
sands)
(kg.)
(kg.)
(g.)
(IJ.)
(g.)
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936

183
336
2,426
39
350
788
1,571
121
242
502
3,101
1,627

8.10
5.04
3.06
6.55
7.10
7.32
3.67
6.53
7.55
8.83
5.96
7.2

1,480
1,690
7,420
260
2,490
5,770
5,770
790
1,830
4,440
18,490
11,720

17
83
666
52
2
0
633
142
4
69
60
10

7.0
3.5
1.68
3.0
7.0
1.46
4.0
7.5
8.6
5.8
7.0

120
290
1,120
160
10
0
920
570
30
590
350
70

200
419
3,092
91
352
788
2,204
263
246
571
3,161
1,637

8.00
4.73
2.76
4.62
7.10
7.32
3.04
5.17
7.55
8.79
5.96
7.2

1,600
1,980
8,540
420
2,500
5,770
6,690
1,360
1,860
5,030
18,840
11,790

available. As it is seldom that sockeye from stomachs can be weighed
satisfactorily, their lengths form the basis of the calculations. The
best data are for the rather large year-classes of 1931 and 1935. The
average fork length of the 1931-class sockeye, taken at different times
of the year, is shown by Ricker (1937: table 1); similar figures for the
1935 class have been presented graphically (Ricker, 1938c) but are
taken here from the original records. For the present purpose it is
necessary to convert these lengths to weight. This has been done by
using the formula
W = 0.0100 £3,
this being the best cubic equation taken from Foerster's (1944) data
on migrants (W, weight in grams; L, fork length in centimeters).
Among the very young fish the body is more slender and this relation
ship does not hold. However, the beginning of the weight curve, each
year, can be anchored fairly well by considering 0.15 g. to be the mean
weight of the fry at the time they become free-swimming, this time
being taken as May 15. (The fact that very young fingerlings do not
follow the length-weight equation above is illustrated by the two
points for late May and early June in the 1935 growth curve of Fig. 1.)
The mean weight of yearlings on April 30 is estimated by the method
explained above (Table I, column 9). Complete growth curves are
shown, plotted logarithmically, in Fig. 1. It should be observed that
in choosing the exact position of these freehand curves we were in-
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Figure 1. Logarithms of calculated mean weights in grams of young sockeye salmon,
taken from stomachs of predators, of the year-classes of 1931, 1933 and 1935. Numbers
beside each point indicate the number of fish on which it is based. The first point in each
series is the mean weight of free-swimming fry, and the last point is the mean weight of the
yearling stock (Table I, column 10). In the ordinate, each zero applies to the curve it
stands opposite.
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fluenced partly by the apparent amount of feeding done by the fish in
each month (cf. Fig. 4).
The similarity of the growth curves among the three year-classes
presented in Fig. 1, combined with fragmentary data for other years,
justifies the conclusion that seasonal variation in rate of growth is of a
rather regular character from year to year. For the purpose of this
paper the growth of the 1931 year-class is taken as a model of relative
seasonal growth, and seasonal growths in all other years are computed
from it, using their observed total annual growths as a basis. In the
case of the 1933 year-class of Fig. 1, which pertains to a smaller popu
lation than the other two, there is some indication that growth early
in life is somewhat greater, relatively. While the data are certainly
not sufficient to demonstrate it, this effect is what might be expected
of a small population if the early months of life are at a time when
food is relatively scarce. The possible influence of this source of error
on the calculations is discussed later (p. 193).
The growth data are used in the form of the instantaneous rate of
growth for each half-month, found by writing down logarithms from
the smoothed curve for 1931 in Fig. 1, taking the differences between
successive values, and dividing by 0.4343. The computation is given
in Table II, columns 3-5. The sum of the semimonthly instantaneous
rates is the instantaneous growth rate for the year, 3.01.
The semimonthly instantaneous growth rates for the 1931 year
class are now applied proportionately to all other years. For example,
for the 1934 year-class the mean weight of the yearling stock is esti
mated as 8.79 g., or 8.79/0.15 = 58.6 times their weight as fry. From
this the instantaneous rate of growth for the year = k = log, 58.6 =
4.07. Accordingly, each of the semimonthly instantaneous rates for
the 1931 class is multiplied by 4.07/3.01 to obtain the corresponding
value appropriate to the 1934 year-class.
(c) Estimates can be made of seasonal changes in mortality from data
(Foerster, 1938) which are based primarily on the survival of marked
fish of the year-class of 1933, released at various times during the year
1934-1935. The graph of survival is repeated here (Fig. 2, curve A),
with the addition of points for time of hatching and time of migration.
As regards the last-named, the two-year-old migrants of 1936 num
bered 1,400, which means about 4,200 nonmigrants present a year
earlier, as compared with 242,000 migrants. Thus the percentage
of migration in 1935 can be taken as 242,000/246,000 = 98.3 per cent.
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TABLE II. COMPUTATION OF SEASONAL GROWTH RATE AND MORTALITY RATE, NOTE
THAT INTERVALS LONGER THAN A HALF MONTH ARE USED FROM OCTOBER 31 TO
DECEMBER 15, AND FROM DECEMBER 15 TO MARCH 15
1

Date

2

3

4

5

6

7

8

Computation of growth rate
Computation of mortality rate
Months Logarithm Difference Instanta- Percentage Survival Instantaneous
of
before
survival
neous
of weight
rate
migration in grams logarithms growth as migrants
mortality
(s.)
rate
rate

Apr, 30

0

0.48

Apr. 15

0.5

0,45

Mar. 31

1.0

0.43

Mar. 15

1.5

0,42

Dec. 15

4.5

0.42

Oct. 31

6.0

0.39

Oct. 15

6.5

0.37

Sep. 30

7.0

0.33

Sep. 15

7.5

0.29

Aug. 31

8.0

0.23

Aug. 15

8.5

0.11

July 31

9.0

1.93

July15

9.5

1.67

June 30

10.0

1.46

June 15

10.5

1.31

May31

11.0

1.23

May15
Total

11.5

1.18

(k.)
0.03
0.02
0.01
0.00
0.03
0.02
0.04
0.04

0.07
0.05
0.02
0.00
0.06
0.05
0.09

0.750
0.680
0.646
0.497
0.420
0.394
0.367

0.09
0.337

0.06

0.14

0.12

0.28

0.18

0.41

0.26

0.60

0.21

0.49

0.15

0.35

0.08
0.05

0.19
0.12
3.01

(i.)

0.983

0.307
0.276
0.245
0.210

0.763

0.27

0.907

0.10

0.961

0.04

0.769

0.27

0.845

0.17

0.938

0.06

0.931

0.07

0.918

0.09

0.911

0.09

0.899

0.11

0.887

0.12

0.857

0.15

0.824

0.20

0.786

0.24

0.735

0.31

0.600

0.51

0.0612

2.80

0.173
0.136
0.100
0.060

Since there is evidence from the stomachs of predators that mortality
from predation increases sharply when the sockeye move inshore prior
to migration (Ricker, 1941), the survival curve has been bent sharply
upward in April instead of being given a broader slope from the previous observation onward.
It was more difficult to make a decision regarding the first point
plotted in Fig. 2A. The ratio of yearling stock to eyed-eggs planted
was 5.63 per cent for the 1933 year-class. Since there is evidence for
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Figure 2. A Number of yearling migrants of the 1933 year-class surviving from finger
lings released at dates indicated on the abcissal scale, as a percentage of the number released
(for a discussion of the first and last points, see the text). B Instantaneous mortality rates,
in terms of percentage, computed from curve A for successive half-months.
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some loss of eggs before hatching, this figure has been increased, rather
arbitrarily, to 6.10 per cent to represent the rate of survival of free
swimming fry. (The representativeness of this figure is discussed
below, p. 185.) Multiplying by the 98.3 per cent obtained above, we
obtain 0.983 X 6.1 = 6.0 per cent for the ratio of fry hatched to
yearling migrants. This figure is comparable to those obtained from
the marked sockeye, as given in Fig. 2A, and accordingly it is plotted
as the first point on that curve.
The computation of semimonthly instantaneous rates of mortality
from these data is shown in Table II, columns 6-8. From the smoothed
curve A of Fig. 2 percentages were read off at successive fortnights
(column 6), and the ratios of their successive values constitute esti
mates of survival rates, s, during the period in question (column 7).
These are converted to instantaneous mortality rates, i, using the
relationship s = e-i (column 8). The result is plotted as curve B,
Fig. 2. The over-all survival rate of 6.1 per oent corresponds to an
annual instantaneous mortality rate of i = 2.80. The latter is also,
of course, the sum of the semimonthly instantaneous rates.
Unfortunately information on seasonal mortality rates is available
for only the one year. It is somewhat risky to assume that a similar
seasonal distribution of mortality existed in the other years, yet such
an assumption is essential to later computations. Fortunately there
is indirect evidence in its favor. It has been demonstrated (Ricker,
1941) that there is a very close and direct relationship between number
of yearling migrants and the number of sockeye occurring in stomachs
of the lake's important sockeye-eating fishes during the autumn,
winter and early spring months. This was true of trout, char, coho
salmon and squawfish, and it prevailed over years marked by pro
nounced differences in both the abundance and the size of the sockeye.
It can readily be postulated that at any given season the rate of
digestion by the predators was much the same in all these years, be
cause the average weight of the total food in a stomach usually did not
vary nearly as much as did the number of sockeye eaten. This was
partly because the sockeye were smaller in years of large populations
and partly because other foods were substituted when sockeye were
scarce, and in any event it appears that moderate variations in amount
of food eaten have little effect upon a fish's rate of digestion (Karzinkin,
1935). Since the proportionality was observed over most of the year,
for one predator or another, it indicates that the relative seasonal
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incidence of predation is the same from year to year. Accordingly,
insofar as sockeye mortality has been the result of predation, we believe
it must have followed much the same seasonal pattern over the period
under consideration. An exception is probably to be made for the
young sockeye during May and June, as discussed later (p. 192).
There remains the problem of deciding on representative values of
the total annual mortality rate, or of its complement, the survival
rate, for the young salmon. The yearly seeding of the lake has been
carried out by three different methods: natural propagation, planting
eyed eggs in tributaries, and release of free-swimming fry. The
yearling stocks (not yearling migrants) produced in successive years by
each of these are shown in Table III. In years of natural propagation
TABLE HI,

COMPARISON OF THE ESTIMATED YEARLING STOCK WITH THE SEEDING WHICH
PRODUCED IT, IN VARIO US YEARS

Brood year

Seedinga
(thousands)

Yearling
stock
(thousands)

Survival
(%)

A. Fry liberation
1926,,.
....419............7.07
,,,,,.,,, .. ,5.916.
1929......
... . . 9,093.
.... 352.... ........ 3.87
1932... ...
.... 263............5.45
......4,825....
...12,468 ..
1936/l, . ..... . .
..1,637........... 13.13
B. Eyed-egg planting
1928..........
..... 91..
. .....2,650....
...... 3.44
. ....... 5.63
1933 ..
....246.
. ..4,371. ..
1934/l..
....571...
......5,590..
... . 10.22
C. Natural spawning
.... 200.
1925...............
....2.68
....17,470..
.. ..3,092 ..
............250,000..
..1.24
1927..
. ... 788....
....24,900.
. .3.17
1930.. ... ... . .
193511. . . ...... .
...40,000.......... 2,204 ..
, ..... 7.90
D. Geometric mean of an methods
. . . ..... ..
. ........
1925-33..
.....3.63
1934-36/l.................................. , ........
..10.20
a Fry liberated, eyed-eggs planted, or eggs in females spawning naturally.
/l During these years predator control was in operation.

there is no good way of estimating fry production. Eyed eggs are
subject to natural accidents while they lie in the streams, but it has
been shown (Foerster, 1934) that under favorable conditions a large
fraction of them produce fry-88 per cent was the average obtained
in experiments. Hence the maximum survival rate of eyed eggs may
be close to the usual survival rate of fry. When the fry themselves
are planted in the lake it might seem that a direct measure of their
survival to the status of yearling stock would be available. However,
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there is the question of whether planted fry are, initially, as hardy as
naturally-produced fry, and whether they may not suffer unrepre
sentative losses during whatever time it takes them to find their
appropriate ecological niche and distribution in the lake.
Considering first the years prior to predator control, there are three
figures for fry survival (Table III) which average 5.46 per cent. This
is not far from the adjusted value 6.1 per cent estimated earlier for
the 1933 year-class on the basis of eyed-egg planting, and accordingly
it has been decided to accept the latter figure as representative of all
years prior to 1934. Naturally it is subject to considerable limits of
error, but any value from 4.0 to 8.0 would necessitate only unimportant
changes in the productions which are calculated below.
In the three years of predator control there was a notably greater
rate of survival. The average increase in number of migrants pro
duced, considering all methods of propagation used, was from 3.13 to
9.95 per cent, or by 3.18 times (Foerster and Ricker, 1941: 329).
This comparison was the suitable one for judging the value of predator
control, because it is the number of migrants which determines the
number of adult salmon, apparently more or less independently of the
age or size of the former. (Or if there is any advantage to larger size,
the migrants produced during control possessed it.) For our present
purpose it is desirable to compare the total survival of yearling stock,
i.e., migrants plus nonmigrants, before and after control. This is
done in Table III, using the yearling numbers computed in Table I.
The geometric means of the eight survival rates before control, and the
three after control, are found to be 3.63 and 10.20 per cent, respectively.
These correspond to instantaneous mortality rates of 3.32 and 2.29
respectively, the latter being 0.690 of the former. This then is our
best estimate of the fraction by which the semimonthly and the total
instantaneous mortality rates for the year-classes of 1933 and earlier
years must be multiplied, to correspond to conditions under which the
year-classes of 1934-1936 lived. Given the average value i = 2.80
for the earlier period, we thus obtain i = 1.93 for the later period,
corresponding to a survival of 14.5 per cent from the fry stage onward.
As with the corresponding figure for the 1925-1933 classes, this per
centage is somewhat greater than the fry survival rate actually ob
served (13.l %).
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COMPUTATION OF PRODUCTION OF SOCKEYE OF AGE 0
As defined earlier, the production of a fish population is the sum of
the growth made by all its members. Consequently our estimate of
production will be the product of the instantaneous rate of growth
during a given time interval and the average weight of population
present during that same interval. In a simple case where growth and
mortality are unchanging through the year, the average population
present during the year is
W0 (ek-i -1)
k-i
where W0 is the initial weight of the stock, and k and i are the instan
taneous rates of growth and mortality, respectively, for the year
(cf. Ricker, 1945; Clarke, Edmondson and Ricker, 1946). The Cultus
sockeye differ from the above situation in the fact that the relative
magnitudes of k and i change sharply with the seasons, and accord
ingly it is necessary to carry out separate computations of average
population for rather short time intervals. The basic interval used
has been half a month, but during the winter when growth was slow or
absent, and mortality nearly constant, two longer intervals were used,
as noted in Table II. The computation of production for the year
class of 1931 is shown in Table IV. The difference of the instantaneous
rates of growth and mortality, shown in column 4, is found by sub
traction of column 3 from column 2; it may be either positive or nega
tive. The corresponding change in biomass is found from an expo
nential table (column 5). In column 6 we start at the top with the
arbitrary figure of 100 weight-units of yearling stock at time of migra
tion. During the half-month April 1 6-30 this stock had decreased, as
shown by the negative entry in columns 4 and 5. Its size on April 1 5
was therefore 100/(1 - 0.18) = 122 units. Its average weight during
the half-month can be found from formula (1), an expression for which
numerical values have been tabulated for magnitudes of k - i from
- 2 to + 2, as an aid in these and similar calculations (Ricker, MS).2
The average weight, in the case at hand, is 122 times (1), or 110, as
shown in column 7. (When k - i lies between the limits ± 0.10, a
simple average is sufficient.) In a similar manner the average stock
present during all previous half-months (and other periods) is computed.
2 Those for positive values of k - i are in column 5 and those for negative values
are in column 4 of the appendix of the paper cited, k - i being represented there by i.

TABLE IV.

Column
Date

May 1
Apr. 16
Apr. 1
Mar. 16
Dec. 16
Nov.1
Oct. 16
Oct. 1
Sep. 16
Sep. 1
Aug. 16
Aug. 1
Jul. 16
July 1
June 16
June 1
May 16
Totals

OoMl."UTATio.N OF :HiELATIVE BIOMASS, PRODUCTION AND l\lioBTALITY IN SUCCESS"IVE RALF-MONTHS FROM TBl1l DA.'l'A U.i''

TABLE II.

2

3

ALL FIGURES ARE IN TERMS OF A YEARLING STOCK OF 100 WEIGHT-UNITS

4

5

6

7

8

9

�computation of biomass, production and mortality for the year-class of 1931-�

k

i

k-i

0,07

0.27

-.20

-.18

0.05

0.10

-.05

-.05

0.02

0.04

-.02

-.02

0.00

0.27

-.27

-.24

0.06

0.17

-.11

-,10

0.05

0.06

-.01

-.01

0.09

0.07

+.02

+.02

0.09

0.09

.00

.00

0.14

0.09

+.05

+.05

0.28

0.11

+.17

+.19

0.41

0.12

+.29

+.34

0.60

0.15

+.45

+.57

0.49

0.20

+.29

+.34

0.35

0.24

+.11

+.12

0.19

0.31

-.12

-.11

0.12

0.51

-.39

-.32

3.01

2.80

+.21

+.23

Change
in
biomass

Biomass
100
122
128
131
172
192
193
190
190
181
152
113
72
54

48
54
80

81

Average
biomass

Production

Mortality

110

8

30

125

6

12

130

3

5

151

0

41

181

11

31

192

10

12

191

17

14

190

17

17

185

26

17

165

47

18

131

54

16

91

55

14

62

31

13

51

18

12

51

10

16

66

8

34

322

302

10

11

12

Biomass, production and
mortality for the yearclass of 1935
Biomass
100
111

112
113
137
144
141
133
127
112
86
57
30
19
15
14
17

17

Production

Mortality

10

20

7

8

2

3

0

24

IO

17

9

6

15

7

14

8

21

7

33

8

35

6

31

4

15

3

7

3

3

3

2

6

216

133

e.o
.....
..2S
I-'

"'·

C,

"l

!;)...
">;j
C

�

::
">;j
"'·
�

"l

C
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C

00
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It was noted earlier that the production during a half-month is
equal to k times the average population, and this product is shown in
column 8. Similarly the weight of fish dying is i times the average
population (cf. Ricker, 1944: 29), as shown in column 9. Finally, it
is necessary to change from terms of the arbitrary 100 weight-units of
yearling stock to terms of the actual stock shown in column 10 of
Table I. In the present instance the production is 322 X 6690/100 =
21500 kg., and the mortality is 302 X 6690/100 = 20200 kg.
The above calculations offer numerous opportunities for accidental
errors, but fortunately they can be checked very conveniently at two
points. The initial stock of 80 weight-units, found by the successive
divisions down column 6, can be checked by a direct computation from
the total of the k - i column. This equals + 0.21, corresponding to
a change of + 0.23, and hence the initial stock = 100/1.23 = 81 units
-the same as 80, closely enough. The second check is a balance of
gains and losses for the year. The initial weight of the fry, plus the
production, should equal the weight of the yearling stock, plus the
deaths, i.e., 80 + 322 = 100 + 302 = 402. When these two agree
satisfactorily the only possibility of error lies in the estimation of
average population in each half-month.
The computation of growth rates and mortality rates for year-classes
other than that of 1931 was explained earlier, and the computation of
production and mortality for them presents no new features. The
detailed seasonal calculation cannot be presented for every year, but
one for the year-class 1935, during predator control, is included
(Table IV, columns 10-12). The total productions and mortalities for
all the years are given in Table V. It should be observed that during
the years in which the year-classes of 1925, 1928, 1932 and 1933 in
habited the lake as age O fish, the figures given in Table V are con
siderably less than the total sockeye production of the lake, because in
those years important bodies of age I sockeye were present too. For
the remaining years, however, the figures tabulated represent the great
bulk of the sockeye production of the lake.
As mentioned earlier, there are two different sets of mortality rates
used in Table V: those for the 1925-1933 and those for the 1934-1936
year-classes. For each of the two mortality rates, considered sep
arately, it is evident that the slower the rate of growth the greater is
the total mortality in comparison with the production or with the
size of yearling stock (Table V, column 7). In the case of the year-
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TABLE V.

PRODUCTION OF, AND MORTALITY AMONG, AGE O SoCKEYE DURING THEIR
YEAR OF LAKE LIFE (IN KILOGRAMS}

Yearclass

2
Weiuht of
yearlinu
stock

1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936

1,600
1,980
8,540
420
2,500
5,770
6,690
1,360
1,860
5,030
18,840
11,790

1
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3

Initial
weight
of fry
500
1,030
7,500
220
870
1,900
5,300
650
610
590
3,300
1,700

4
]_\,Jortality

3,750
5,280
26,500
1,130
7,620
13,700
20,200
3,520
4,390
6,140
25,100
15,100

5

6

Production

Ratio of
production
to yearling
stock

4,850
6,230
27,500
1,320
5,020
17,600
21,500
4,270
5,700
10,700
40,700
25,200

3.03
3.15
3.22
3.15
3.05
3.06
3.22
3.14
3.05
2.13
2.16
2.14

7

8

Ratio of Summer
production production
to mortality
1.29
1.18
1.04
1.17
1.29
1.29

1.06
1.21
1.30
1.74
1.62
1.67

2,960
4,140
19,300
880
4,720
11,000
14,900
2,760
3,300
6,000
23,700
14,500

class of 1927 there was scarcely any difference in weight between fry
and yearlings. On the other hand, for any given mortality rate the
ratio of production to yearling stock is almost constant, in spite of
rather large changes in rate of growth (Table V, column 6). This fact
at first appeared rather remarkable to the writers, but trial computa
tions showed that the observation is in accord with expectation, at
least over the range of growth rates encountered here. The reason
can be expressed briefly as follows. Going backward from any fixed
yearling stock at migration time, a small growth rate during the year
just completed means that, on the one hand, the stock "produced"
only a small fraction of its weight during any given time interval, but
on the other hand the stock itself was larger. These two opposed
effects compensate each other fairly well, though not exactly, and
produce the rather stable ratios observed.
Some of the interesting features of the calculated productions and
mortalities may now be discussed.
Seasonal Change in Bulk of the Stock. Considering the detailed
seasonal account of the 1933 year-class, shown in Fig. 3, it appears
that the biomass (standing crop) of the fry suffered a sharp decrease
during late May and early June, reaching a low point about mid-June.
Thereafter it began to gain; it rapidly increased throughout the sum
mer, and had practically achieved its maximum size by the middle of
September, this being about 1.8 times the migration size. Through
late autumn and winter, growth slowed down and finally ceased,
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while mortality remained appreciable, so that the stock was reduced
to 118 per cent of migration size by April 1. During April both growth
and mortality increased sharply, but the latter apparently had the
edge, resulting in a final decrease of the stock to its size at migration.
The net result is that during their year in the lake the young salmon
of the 1933 year-class increased to three times their initial bulk.
In the years, prior to predator control, when the growth rate was less
than for the 1933 year-class, the above picture was considerably modi
fied, though its general features remained the same. An example is
the 1931 year-class shown in Table IV. The initial decrease in bulk
was relatively greater than in 1933, so that the stock soon decreased to
less than half its weight at hatching. The rapid summer growth did
not achieve so high a level as in 1933, and mortality during winter
continued to be relatively higher. As a result the final stock at migra
tion time weighed only about a quarter more than it did at hatching.
In the years of predator control, beginning in May of 1935, the 1933
picture was considerably modified in the other direction, as shown by
the example of the year-class of 1935 in Table IV. In the three years
of observations the weight of the yearling stock was 5.7 to 8.5 times
as great as that of the fry (Table V), since growth had a much greater
edge over mortality.

Seasonal Changes in Production. In all years production was con
centrated during the summer, from June 15 to September 15, to the
extent of ¾to¾ of the year's total (Fig. 3). There was a rapid rise
in production during the following April, but the fish left the lake soon
after it started. During winter, growth apparently ceased and pro
duction dropped to zero.
Seasonal Changes in Mortality. The weight of fish dying was more
evenly distributed through the year than was production, but it too
had a low point in winter, and a high in April. Prior to predator
control its most conspicuous level was reached just after the fry
appeared in May and early June, but since 1935 this has been less
important because of the relatively smaller number of fry present
(Table III).
Mortality Among Very Young Fish. The question of the mortality
of the very young fish deserves special mention. The estimates of
seasonal instantaneous mortality rates (Table IV) show that mor-
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tality during May was very high (0.51 for the half-month), then
dropped to 0.31 in early June and to 0.24 in late June, levelling off
rapidly. Now these estimates pertain to the year-class spawned in
1933, which consisted of the fish which made the most rapid growth of
any year-class prior to predator control. There seems little doubt
that the large mortality rate of May was directly related to the small
size of the sockeye then or to behavior associated with small size,
rather than to peculiarities of the predators or of their environment at
that time of year. Consequently these 1933-spawned fish, which
grew most rapidly and hence would pass through the vulnerable stage
most rapidly, probably suffered less "infant" mortality than did any
other year-class prior to that of 1934. Earlier we pointed out that
predation on sockeye appeared to be in proportion to abundance, as
estimated from a comparison of stomach contents of predators with
the size of the yearling stock. However, the data on which this
relationship was founded did not include stomach contents in May
and June, so that the observation is not in conflict with the possible
existence of a relatively greater early mortality rate in years of slow
growth. Direct evidence for the latter cannot be obtained from the
stomachs, however, because years of really slow growth were all years
of natural propagation, when no good estimate of fry present is available.
We should expect, therefore, that the years of large initial sockeye
populations, and hence of slow growth, should be years of poor survival
rate, because of the prolongation of the period of unusual vulnerability
which followed the emergence of the fry from the redds. It is even
likely that the difference is greater than our method of computation
suggests (Table IV), for in Fig. 1 there was an indication that the year
class of 1933, which was numerically small, exhibited even a relative
rate of growth in May and early June greater than that observed in
years of large populations.
The likelihood that the mortality rate of the very young sockeye
varies a great deal with the size of the population is of great theoretical
and practical importance. On the one hand, it has long been supposed
on theoretical grounds that the efficiency of reproduction of a fish
population must decrease as the population approaches its upper
limit of size, but there have been relatively few indications of exactly
how and when the extra mortality takes place. The picture presented
here suggests a very nice regulatory mechanism: the more fry present,
the less each eats, hence the slower it grows, and hence the longer it
remains at a size especially vulnerable to predator attack.
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From the point of view of the computations in this paper, it can be
concluded that the procedure of estimating all seasonal mortality
rates from that of the year-class of 1933 may considerably underesti
mate the mortality rate in May and June during years in which growth
was slow. In its effect on total mortality or total production, how
ever, error of this sort is not important, because production especially
is rather small in May and June, and even doubling it would make
little difference in the final result for the whole year. If, however, we
had started each year with an estimate of the fry present as a constant
fraction of the number of eggs in spawning females, then for such a
year-class as that of 1927 both production and mortality would have
been greatly overestimated.
PRODUCTION OF SOCKEYE OF AGE GROUP I
In the majority of the years of our study the production of age I
sockeye in the lake was so small in comparison with that of age O fish
that it is not of any great importance. The exceptions consist, in
part, of the largest year-classes, which produced more two-year-old
migrants, even relative to their total abundance, than did most of the
smaller ones (in years prior to the increase in survival rate associated
with predator control). Thus important bodies of age I sockeye lived
in the lake as a result of the large spawnings of 1927 and 1931. Also,
the years following these two, 1928 and 1932, produced the largest
observed proportion of two-year-old migrants. With them the
estimated number (though not the weight) of the yearling nonmigrants
somewhat exceeded that of the migrants of the same year-class (Table
I). In the case of the 1927 and 1931 year-classes the two-year-old
migrants exceeded in bulk the yearling migrants of the following
spawning which had lived in the lake with them. Thus the produc
tion of age I fish cannot always be disregarded.
The data available for estimating the production of age I sockeye
are not as good as those used for the age O fish. As far as growth is
concerned, an estimate of the average size of the nonmigrant yearlings
has been presented (Table I), which is good for the 1927 and 1931 year
classes but much less reliable elsewhere. Also, there are good esti
mates of the size of the same fish a year later, for five year-classes
(Foerster, 1944: table I). To estimate the seasonal distribution of
growth, we have used the relative seasonal rates for the age O fish for
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successive half-months from July 16 to April 30. It is felt that the
growth rates prior to July 16 for age O fish would be too small rela
tively, because their small food consumption at that time contrasts
sharply with fragmentary indications of a rather large rate of food
consumption by the age I fish (see specimens taken May 20, 1933, in
Table VIII). As an estimate, therefore, the relative rate of growth
for July 16-31 has been applied to the period June I-July 16, while
slightly smaller values are used for the two halves of May (Table VI,
column 2). The semimonthly instantaneous rates established in this
way are used to define the relative seasonal growth rates for all the age I
populations. From these the absolute seasonal growth rates can be
computed. As an example, for the year-class of 1927 the average
weight of two-year-old migrants was 16.44 g., and that of the yearling
nonmigrants was 1.68 g. The instantaneous rate of growth for the
year, therefore, was log. (16.44/1.68) = 2.28. This is divided among
the successive half-months in proportion to the successive entries of
column 2, Table VI, the result being in column 3.
In estimating the mortality rate of age I sockeye we are somewhat
worse off than we are in respect to their growth, for there is no direct
estimate of total mortality for any year. We can only cite the obser
vation mentioned earlier, that rate of predation seems to be more or
less independent of size after the first few months of life. On this
basis the mortality rates estimated for age O sockeye in successive
half-months from July 16 to April 30 are applied directly to the older
ones. For the period May 1-July 15 the same mortality rate is used
as for July 16-31, namely 0.15 (Table VI, column 4), except that during
one fortnight 0.16 is used in order to bring the total for the year to
2.30, corresponding to the even 10 per cent survival rate used in cal
culating Table I. As further justification for this procedure it may be
observed that the size discrepancy between age O and age I is not
necessarily very great. The July 16-31 rate of mortality was origi
nally established for the fish of the 1933 year-class, which at that time
averaged about 1.7 g. in weight. The nonmigratory yearlings of the
1927 class weighed 1.7 g. and those of 1931 only 1.4 g. Hence in these
two years the July 16-31 rate of the 1933 class is being carried over to
fish of quite comparable size, initially at least.
Given these data, the computation of age I production is done in
the same manner as for the younger fish. Five examples are shown in
Table VII. In general the ratio of production to migrant stock is

TABLE VI. COMPUTATION OF PRODUCTION AND MORTALITY OF AGE I SoCKEYE OF THE 1927 YEAR-CLASS.
ALL WEIGHT FIGURES ARE RELATIVE To 100 WEIGHT-UNITS OF Two-YEAR-OLD MIGRANTS
1

2

8

4

5

6

7

8

9

10

Date

Relative
growth

Estimated
growth
rate

Estimated
mortality
rate

Instantaneous
rate of
change

Fradional
change in
weight

Estimated
biomass

Average
biomass

Production

Mortality

April 30
April 16

Aprill
Mar. 16
Dec. 16

Nov. 1
Oct. 16
Oct. 1
Sep. 16
Sep. 1
Aug. 16
Aug. 1
July 16
July 1
June 16
June 1
May 16
May 1
Totals

.07

,04

.27

-.23

-.21

.05

.03

,10

-.07

-.07

.02

.01

.04

-.03

-.03

.00

.oo

.27

-.27

-.24

.06

,03

.17

-.14

-.13

.05

,03

.06

-.03

-.03

.09

.05

.07

-.02

-.02

.09

.05

.09

-.04

-.04

.14

.07

.09

-.02

-.02

.28

.14

.u

+.03

+.o3

.41

.21

.12

+.09

+.09

.60

.30

.15

+.15

+.16

.60

.31

.15

+.16

+.17

.60

.31

.16

+.15

+.16

.60

.30

.15

+.15

+.16

.50

.25

.15

+.10

+.11

.30

.15

.15

.00

.oo

4.46

2.28

2.30

-.02

-.02

100
127
136
140
185
212
219
223
233
237
230
211
182
156
134
116
104
104

102

�
�

113

5

31

132

4

13

138

1

6

162

0

43
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199

6

34

�

215

6

13
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11

15
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11

21
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16

21
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33
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221
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30
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19
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TABLE VII.

ESTIMATED PRODUCTION A.ND MORTALITY OF AGE I SOCKEYE
(IN KILOGRAMS)

1

2

Weight of
Yearclass nonmiurant
yearlings
1926
1927
1928
1931
1932

290
1,120

160

920
570

3

4

5

6

7

Weight of
two-year-old
migrants

Mortality

Production

Ratio of
production
to twoyear-olds

Lake's total
production
for year
indicated

105
1,095
118
763
288

540
4,150
470
3,030
1,320

350
4,130
430
2,860
1,040

3.36
3.77
3.66
3.75
3.63

27,800
5,450
6,350
7,130
6,740

(1928-29)
(1929-30)
(1930-31)
(1933-34)
(1934-35)

greater for age I than for age O sockeye; its value lies between 3.4 and
3.8, as compared with about 3.1 for the younger fish during the same
period. What is more interesting is the fact that the mortality of age
I sockeye, in terms of weight, tends to be high, and there is no sugges
tion that any of these age I stocks increased in weight during their
second year in the lake. At best they approximately held their own
(1927 year-class), while most of them seem to have decreased considerably in bulk, sometimes by half or more.
The age I productions are added to the age O productions of the
same year (not the same year-class) in column 7 of Table VII to give
the total production for that year. While some of the age I produc
tions constitute a large part of the total production for their year, none
of them. are very large in absolute terms. In years like 1928-1929
which had really large age O productions, the age I production was
insignificant because age I fish were not very numerous, and what
there were grew slowly. Thus, in considering the question of a pos
sible maxim.um level of productivity for the lake, it is scarcely neces
sary to know anything about age I production.
PRODUCTION AND FOOD CONSUMED
Further light is shed on the course of sockeye production in the lake
by a computation of the amount of food in the stomachs of the speci
mens of the year-class of 1931, taken in 1932-33. These have been
computed in terms of body weight (Table VIII) and are presented
graphically in Fig. 4. In general, the ratio of food to body weight
varies with water temperature and with food supply, reaching a
maximum. in August-September. The sharp decline in late Septem
ber and October is associated with the near-disappearance at that time
of the sockeye's favored food (Daphnia) rather than with temperature.
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TABLE VIII. MEAN LENGTH AND WEIGHT, AND QUANTITY OF FooD OoNSUMED BY
SOCKEYE TAKEN 1932-1934, OF THE YEAR CLASSES OF 1931 AND 1933

Date

1932
Mayl0
May 18
June 3
July 14
July 31
Aug.25
Oct. 10
Nov.18
1933
Jan. 13
Jan. 28
Mar.17
Apr. 12
Apr. 301!
May 2
Ma,y200

Number of
stomachs a

15
50
9
58
52
40
14
56
9
28
10
26

Stomach contents

Size of Sockey

Mean
weight
(mg.)

Per cent
of body
weight

0.15
0.15
0.211'
0.47
0.85
1.58
2.241'
2.50

0.15
0.3
0.7
4.5
14.3
31.1
10.7
21.6

0.10
0.20
0.33
1.25
1.68
1.97
0.48
0.86

2.641'
2.16
3.89
3.01
3.54
2.38
2.001'

6.1
9.6
13.0
36

0.23
0.44
0.33
1.20

22
45

0.92
2.25

8
(32)

(1.9)

38
(25)

1.15
(0.5)

Mean
length

Calculated
weight

(mm.)

(g.)

23
36
44
54
63

60
73
67

9
4

62

3
4
2
5

47
55
70
69
78

1934

July 4
July 23
Aug. 29
Sept. 19
Oct. 2
1935
Apr. 3011

1

1.04
1.66
3.43
3.29
4.75

0.77

7.55

a The average lengths and weights are based on smaller numbers of fish than these, as
shown in Fig. 1.
II These samples are the yearling migrants plus nonmigra,nts.
1' These weights are estimated by interpolation.
0 These are in all likelihood nonmigratory yearlings.

Temperature and food both may combine to keep consumption at a
low level in winter and to permit a sudden rise in April (Ricker, 1937).
An interesting anomaly, however, is presented by the feeding of
fingerlings from May to early July. Their food is much less than
what might be expected on the basis of temperature or food available,
as is shown by the fact that the nonmigratory yearling sockeye feed
very actively in May (Table VIII). Of course it may be that stomach
contents are not proportional to the daily ration throughout the whole
size range represented here: i.e., the young ones may digest their
stomachful more rapidly, and so their rations may be larger than they
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Figure 4. Mean weight of food in stomachs of young sockeye taken from predacious
fishes, as a percentage of their body weight, throughout the year 1932-1933 (year-class of
1931). The number beside each observation indicates the number of stomachs examined.

seem. Still, the discrepancy is so great (0.1% as compared with 2%)
that only a small part of it could be explained in that way. One
suggestion would be that, while plankton crustaceans in general are
abundant in May and June, there might be a scarcity of foods suitable
for fry, at least in the parts of the lake they inhabit (wherever that
may be). A comparison of the qualitative composition of the food in
the sockeye stomachs with the entomostracans present in the pelagic
region of the lake (Ricker, 1937) showed that the fingerling sockeye
ate relatively few Cyclops, which was the abundant species in May and
June, "preferring" the much scarcer Bosmina when very small, and
later Daphnia. Remembering that the calculated original weight of
the fry of the 1931 year-class was quite large (four-fifths of the final
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weight of the yearlings), it is evident that there may well be a period
of serious scarcity, in the early part of the season, of the types of food
suitable for the very young fish.
The above situation may suggest another possible cause of mortality
among very young sockeye. If the observed short rations of May and
June, 1932, were even less for the much larger population present
during the same season of 1928, might not a point be reached where
some fry would actually die from loss of weight? We offer this sug
gestion with considerable reserve and would probably not have men
tioned it except that exactly the same idea has been put forward by
Einsele (1941) to explain the poor survival of the fry of Coregonus in
southern German lakes. He found that these fry, when first hatched,
died in large numbers when fed plankton at the density of its occur
rence in the lake, but that this mortality could be almost wholly
eliminated by increasing the concentration of food in the medium.
The same effect has been postulated by some marine biologists to
account for the tremendous mortalities of pelagic fish fry that occur
in certain years.
We do not suggest, of course, that the above hypothesis and the one
proposed earlier-greater predation on fry of large populations because
of their slow growth-exhaust the possible causes of poor survival from
naturally-spawned eggs, or even from eggs or fry that have been
planted. Thus, the survival of the year-class of 1925 to the yearling
stage was as small as that of 1927, though it consisted of rapidly
growing fish.
In order to estimate approximately the actual quantity of Entomo
straca consumed by the sockeye of the lake in the course of a year, two
approaches are possible. On the one hand, Ivlev (1945) shows that
the efficiency of conversion of food to body substance achieves a maxi
mum of about 35 per cent in well fed young animals, comparing
calorific equivalents of predator and prey. To convert wet weight
of young sockeye to calorific value, we use the factor 1000 gram
calories per gram, in default of exact analyses; it is true that adult
sockeye flesh yields much higher factors (1500-2000 calories), but
their rich fat content is largely responsible for this, and also the fact
that no bone is included. At this rate the 1931 year-class's pro
duction of 21.6 metric tons in 1932-33 corresponds to 2.2 X 10 10 gram
calories, and if it had been converted from Entomostraca under the
most favorable conditions it would have required 2.2 X 10 10/0.35 =
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6.2 X 1010 calories of the latter. This figure, however, must be con
isdered minimal, because the slow growth rate of the 1931 year-class
suggests that conversion efficiency was probably considerably less than
0.35-possibly only half or a third as great. The largest estimate of
food consumed, obtainable by use of this factor, is for the year-class of
1935 in 1936-37: 11.6 X 1010 calories.
Another way to reach an approximate estimate of consumption is
from the observed stomach contents. In Table IX is given a computa
tion of the daily ration and total consumption of the sockeye of 19321933. Its weakest point is, of course, the estimate of "turnover,"
i.e., the ratio of the observed stomach contents to the daily ration.
Ricker (1937: 458) experimented briefly on the rate of digestion among
sockeye and found that when held at 12° C. without food, half of a
group of 10 had emptied their stomachs in four hours and considerable
progress had been made by the others. He concluded that a conserv
ative estimate of sockeye feeding in summer would be that they
consume their average observed stomach contents every day. For
our present purpose a most probable estimate will be better than a
conservative one, and this we consider to be four times the observed
contents, in summer. (The earlier estimate was unduly influenced by
the fact that the experimental animals contained much less food than
do wild ones.) For other seasons reductions to three and two times are
made (Table IX). On this basis, admittedly very poor, the estimate
of the total consumption of plankton by this brood of sockeye comes to
103 metric tons wet weight. This can be converted to calorific content
using Iablonskaia's (1935) figure of 3,770 calories per gram dry weight,
and a moisture content of 80 per cent,3 making 7.8 X 1010 calories.
The latter figure agrees well enough with the minimum of 6.2 X 1010
calories found by the other method, but this does not mean that each
could not be 100 per cent or so in error. In fact we are inclined to
regard them both as low, because an efficiency of conversion as high as
35 per cent for such slow-growing fish seems improbable, and because
a minimum food consumption or-11.6 X 1010 calories was achieved in
a later year with a much smaller initial population.
Taking 11.6 X 1010 calories, or 154 metric tons wet, as the best
available estimate of the possible consumption of plankton food by
3 Moisture contents of Daphnia are quoted as in excess of 90 per cent (Iablonskaia,
1935; Geng, 1925); but the stomach contents considered here appeared to be par
tially dehydrated by the animals before their death.

.....
TABLE

Mean
weight
(g.)
1033

May II
I

Apr. II
I

Mar.II
I
Feb. II
I

1933

Jan. II

1982

Dec. II

I

Nov.II

I

Oct. II
Sep.

I

II
I

Aug.II
I

July II
I

June II
I
1932 May II

Total

..2S

IX. COMPUTATION OF ToTAL Fooo CONSUMED BY SoCKEYE oF THE 1931 YEAR-CLASS, IN 1932-1933

-

2.90
2.74
2.66
2.64
2.64
2.64
2.64
2.63
2.61
2.57
2.51
2.44
2.34
2.22
2.06
1.84
1.50
1.08
0.64
0.40
0.29
0.22
0.17

Stomach
contents
(% of body
weight)

Estimated
"turnover"

2.32
1.80
1.24
0.66
0.33
0.33
0.34
0.36
0.40
0.45
0.53
0.61
0.71
0.83
1.02
1.27
1.59
1.91
1.97
1.87
1.49
0.99
0.61
0.39
0.23

4
4

4
3
2
2

2

2
2
2
2
2
3
3
3
3

Population
weight
(metric tons)

Food
consumed
(tons per
half-month)

9.3
7.2
5.0
2.0
0.7
0.7
0.7
0.7
0.8
0.9

-

-

-

-

75
30
11
10

-

7.4
8.4
8.7
9.0
9.3
9.7
10.2
10.7
11.2
11.7
12.2
12.6
13.0
12.9
12.8
12.5
11.2
8.9
6.2
4.2
3.4
3.4
4.4

5.5
2.5
1.0
0.9
0.9
1.0
1.3
1.4
2.0
2.1
3.9
4.8
6.5
7.4
12.3
14.2
14.2
10.0
6.0
2.5
1.2
0.8
0.6

1.2
2.1
2.5
3.1
3.8
6.4
7.6
7.9
7.5
6.0
4.0
2.4
1.6
0.9

4

4
4

4
4
4

4
4

- -·
-

Semimonthly
ration
(% of body
weight)

1.1

4

-'"'"=':"_:;_
j

Daily
ration
(% of body
weight)

-

?-"

10
10

13
13

18

18

32
38
50
57
96
114
127
112
96
60

36

24
14
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-
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sockeye in a year, it is of interest to compare it with estimates of the
standing crop of the plankters concerned (Ricker, 1937, 1938a).
Practically all sockeye food consists of the four entomostracans
Daphnia, Cyclops, Bosmina and Epischura. Their abundance in the
lake was estimated and converted approximately to a wet weight basis
in terms of "Units" of 0.005 mg. size (Ricker, 1937: table 4). The
average abundance of entomostracans over 1932-1935 is about 20
units or 0.1 milligram per liter throughout the year, equivalent to 4
grams per square meter of lake surface, or 4 metric tons per square
kilometer. The area of the pelagic region of the lake is 5.9 square
kilometers, so the 154 tons consumed by sockeye represents 26 tons per
square kilometer. Thus the ratio of yearly consumption to mean
stock is 6.5 to 1. This would constitute a minimal estimate of the
"turnover" of the entomostracan population-6.5 times a year, but
naturally a poor one. A similar computation for the summer months
only indicates that the Daphnia consumed each month is equal to 1.5
times its average population at that time. This suggestion of rather
heavy consumption is interesting in the light of an observation made
earlier, that the Daphnia stock declined more rapidly during two
summers of large sockeye populations than during two summers hav
ing small populations (Ricker, 1937), suggesting that the Daphnia
population was actually depleted by the feeding of the salmon.
SOCKEYE AND PREDATORS
Effect of Predator Control Upon Production. One of the most
interesting features of Table V is a comparison of the productions
before and during the predator control campaign. For example,
comparing the two largest populations in each category, the yearling
stock produced by the year-class of 1935 was 2.21 times that produced
by the 1927 class, but the production for the 1935 class was only 1.48
times that for the 1927 class. Considering production during the
important May-August period of rapid growth, the figure for the 1935
class was only 1.23 times that for 1927 (Table V, column 8). While
we should not attach too much significance to the exact size of these
ratios, it is clear that the production of sockeye during the years of
predator control can almost always be matched by comparable years
during the earlier period, and accordingly there is no reason to suppose
that the capacity of the lake to produce sockeye had been appreciably
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increased during predator control, either by way of an increased food
supply or in any other manner.
There is also another factor which undoubtedly has a bearing on
production and food supply, though unfortunately there are no data
from which to estimate its effect quantitatively. A number of
authors have shown that the efficiency of conversion of food to flesh
by fish increases with increase in food consumed, up to rather large
daily rations. That is, relatively more food is used for growth and
less for maintenance, other factors being constant. To cite data for
another salmonid, Pentelow (1939) found that at 5°-10° C. brown
trout used a rapidly increasing proportion of their food for growth as
their daily ration increased, up to the maximum amount they would
eat-six per cent of their weight per day. It seems very likely,
therefore, that the sockeye of the smaller (initial) populations, which
presumably eat more food per fish, as shown by their more rapid
growth, are also using a larger fraction of their food for growth. If
this is so, we should expect any given amount of sockeye food in the
lake to produce more sockeye flesh if invested in a smaller number of
normally-growing fish than if invested in a larger number of slow
growing fish. Thus the larger total production of sockeye by the 1935
year-class may well be based on an actual food consumption no greater
than, or not as great as, that eaten by the 1927 year-class, because the
latter population consisted of less well fed fish.
Even without the benefit of the above analysis, the opinion has
already been expressed (Foerster and Ricker, 1941) that the favorable
effect of removing predacious fishes from the lake has been a result of
improved survival rather than of improved food supplies. Some of
our colleagues, in oral or written comment, have proposed the opposite
view, which evidently appears more reasonable to them in the light of
their experience on other bodies of water. For example, Rounsefell
(1946), after examining these data in some detail, concludes that
"clearly the removal of competing species greatly raised the level of
maximum productivity over that prevailing under natural conditions."
Presumably, Rounsefell's use of "productivity" here means the quan
tity of sockeye food produced by the lake; if so, we submit the analysis
above as additional evidence that such an increase need not be postu
lated. In fact the data suggest that no important increase in food
supply could have occurred, otherwise the production of the 1934 and
1936 year-classes would surely have been greater. And as was shown

1,
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earlier (Ricker, 1941), there is little food competition between the
sockeye and the species which have been removed from the lake, so it
is difficult to see how the suggested increase in food production could
have come about.
Since the 1935 year-class of sockeye grew considerably less rapidly
than those of 1934 and 1936, it may well be that any further increase
in number of fry would result in a decrease instead of a further increase
in production. If so, 41 metric tons, or 6.6 tons per square kilometer,
may represent almost the lake's maximum capacity to produce sockeye,
this figure being achieved only if the sockeye are sufficiently numerous,
but not so numerous that they fail to make reasonably rapid growth.
Predator Control and Yield. The ratios of production to yearling
stock tabulated in Table V, column 6, have characteristic values before
and after the reduction of the lake's predators. For the 1933 and
earlier year-classes the yearling stock represents about 30 per cent of
the production; later it is 47 per cent of the production. This com
parison is not the best one, however, for it takes no account of the
original contribution of the fry to the weight of the stock. Expressing
the weight of yearling stock as a percentage of production-plus-weight
of-fry, the following series of figures is obtained:
Yearclass

1925
1926
1927
1928
1929
1930

Percentage

30
27
24
27
29
29

Yem·class

1931
1932
1933
1934
1935
1936

Percentage

25
28
30

44

43
44

The yearling stock is thus 28 per cent of the lake's total gain of sockeye
biomass in years before control, and 44 per cent of it after control, on
the average. The apparent improvement in utilization of production
is therefore about 55 per cent. However, yearling stock is not exactly
the same thing as yield, and in some of the years before control a large
part of it did not migrate. Thus the mean improvement in the ratio
of yield to production-plus-fry-weight is somewhat greater than 55
per cent; approximately 65 per cent. Even this does not take into
consideration the migrant-production relationship for the age I stock,
a consideration of which would make the situation after control seem
still more favorable.
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Efficiency of Predator Removal. In assessing the change in survival
rate which occurred after predator control was begun, reliance has
been placed upon the laws of chance to exclude the possibility that a
natural change could have accomplished the same result (Foerster and
Ricker, 1941: 329). While this procedure showed that the "acciden
tal" explanation was very improbable, it could not make it appear
impossible, and hence it is desirable to explore also the question of
whether or not the average improvement in survival is consistent
with the observed change in predator populations. In an earlier
section (p. 185) we calculated the average age O survival rates to be in
the ratio of 6.1 per cent before control to 14.5 per cent after, corre
sponding to instantaneous mortality rates of 2.80 and 1.93 respectively.
It is these instantaneous mortality rates which should be proportional
to the predator populations. This fact may be made clear by means
of the following illustration, which also illustrates the general nature
of instantaneous rates. Suppose that the mortality had occurred
evenly throughout the year-that is, at every moment a constant
fraction of the sockeye present was eaten. Then, dividing the year
into a large number of equal time intervals-1,000 will be sufficient
there will be 2.80/1000 = 0.280 per cent of the available sockeye eaten
during each such interval. If the initial stock is 1,000,000, then 2,800
are eaten during the first interval with 997,200 remaining; next time
0.28 per cent of 997,200 = 2,793 are eaten, with 994,407 remaining.
Repeated 1000 times, this predator activity leaves 1,000,000 (1 0.0028) 1000 = 61,000 survivors. Now, on the assumption that preda
tion is proportional to the abundance of both predators and prey, a
reduction of the predator population by 31 per cent means that during
each of these thousandths of the year the fraction of sockeye killed
will be reduced from 0.280 per cent to 0.193 per cent. The action of
this mortality rate throughout a year leaves 1,000,000 (1 - 0.00193) 1000
= 145,000 survivors. Thus a 31 per cent reduction in predators
results in an increase in survival from 61,000 to 145,000, or to 2.4
times the original value. The fact that predation actually varies in
its seasonal incidence does not affect the applicability of the above
illustration to the observed data, as trial calculations can easily show.
(This represents the increase in survival rate from fry to yearling stock;
the average increase in migrants was considerably greater because a
larger fraction of the yearling stock went to sea during the years of
predator control.)
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It appears, therefore, that if all sockeye mortality in the lake is the
result of predation, then to produce the observed change in survival
the predator population of the lake must have been reduced to 0.69 of
its original size, or by about a third. Estimates of the decreases in
fish predator populations have already been made (Foerster and
Ricker, 1941). They indicate a serious reduction of squawfish and
char of sizes above 200 mm., amounting to ¾ or more of the original
population. For trout, however, no complete demonstration of any
change was obtained, though there was some evidence of a decrease
considerably less than the above. In assessing these results it should
be remembered that (1) char, though heavy consumers of sockeye,
have apparently never been very common; (2) squawfish, though
numerous, eat sockeye only during cool weather and in small quantities
individually (except during April); (3) trout, which eat many sockeye
at all times of year, are at least fairly numerous, but they are the fish
least affected by the control program. Another thing to bear in mind
is that the fish less than 200 mm. long, of all these species, were prac
tically untouched by the gill-netting program. Though these smaller
fish ate relatively more of other foods than did those larger than 200
mm., they did contain some sockeye, and it is well known that smaller
fish tend to eat more per unit body weight than do larger ones. For
example, in the food tables given for these predators (Ricker, 1941),
the fish are divided into length classes 100 mm. wide, and there is a
tendency for the average stomach content to remain about the same
in spite of increase in fish size, from the 100--200 to the 200--300 mm.
range, or even beyond. Finally, there is a certain amount of preda
tion by fish-eating birds on the lake, which may not be wholly negligi
ble; no attempt was made to interfere with these. In view of all this,
it is entirely possible that the control program reduced the effective
number of predators by only about a third, in spite of the much more
serious losses suffered by the medium-to-large individuals of two of
the piscivorous fishes. On the other hand, it seems clear that the
reduction could scarcely have been much less than a third.
Another point must be considered in this connection. It is perhaps
conceivable that the predacious fishes have never accounted for the
whole, or for even the greater part, of the mortality among the sockeye,
even after discounting the mortality among the very young fry, as
discussed earlier (p. 199). If this were so it would, of course, require
a reduction of predators by more than a third to have achieved the
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observed increase in survival. Among the sockeye, mortality not due
to predation would be difficult to detect, considering their pelagic
habitat. It appears very improbable that death from senility would
occur in such young fish, which would leave disease, parasites or con
genital weakness as possibilities. The only observation having a
direct bearing on this subject was made in March of 1937, when the
lake was completely ice-covered for two weeks or so; which, inciden
tally, is an almost unheard of event. On one occasion a trip was made
across the central part of the lake. A previous thaw had produced
holes in the ice up to a foot or so in diameter, which holes later filled in
with clear ice. It was noticed that some of these clear lenses had fish
enclosed in them, and chopping several out revealed them to be
fingerling sockeye. They were found over most of the area traversed,
and if the whole lake were similar, then there were at least several
hundred in all, and possibly several thousand. No cause of death was
ascertained; of course there was no depletion of oxygen which might
make an air hole attractive. The number of sockeye in the lake at this
time can be computed as about 2,900,000 from data given earlier;
hence, if 1000 fish were dead, and if they represented one day's loss,
that would correspond to an instantaneous mortality rate of 0.005 per
half-month. This can be compared with the 0.03 per half-month
earlier estimated for this time of year, to give an idea of the possible
order of magnitude of the mortality. However, there is no way of
knowing if these fish were killed by conditions peculiar to a period of
ice-cover, or if the ice merely served to entrap what normally die
anyway. The net result of this observation is to make it appear per
haps a little more likely that an appreciable amount of nonpredatory
mortality occurs, without giving any clue as to its cause or its quanti
tative importance.
If there were good estimates of the predator populations in the lake,
together with their daily sockeye ration in successive months of the
year, it might be possible to compute their total sockeye consumption
and compare it with the estimate of sockeye mortality, to see if any
considerable residuum remained to be accounted for. What is ac
tually fairly well known, however, is only the average number and
volume of sockeye present in stomachs of the important predators, in
several years. Under such circumstances it is impossible to compute
their total consumption of sockeye with enough accuracy for this
purpose. It can only be said that it seems entirely possible that the
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fish predators may have been abundant enough to account for the
entire number of sockeye which die. The question of whether or not
there were additional important causes of mortality must await
further study.
DISCUSSION
The Cultus Lake data have been used. to illustrate a method of
computing fish production and to demonstrate some of the uses to
which such a computation may be put. It is evident, however, that
the kinds of data used here to calculate seasonal mortality and seasonal
growth rate are by no means universally available. Possibly the only
other kind of population for which production could be computed
quite easily from data now available are the pelagic young of marine
fishes, which have been sampled, using tow nets in a quantitative and
systematic manner, over their whole range. Among larger fishes,
while seasonal changes in growth rate have been determined for a
number of populations, information on the seasonal distribution of
mortality is for the most part nonexistent. Possible exceptions may
be found among heavily-exploited populations in which fishing is
known to be the principal cause of mortality.
However, in spite of these difficulties we believe that computations
of production could be made for a considerable number of fish popula
tions with sufficient accuracy to have real usefulness. The seasonal
growth patterns already determined for a number of species could be
carried over to other similar species living in similar environments.
Since we should expect much less seasonal variation in mortality among
older fish than has been found for the age O salmon considered here,
the total instantaneous mortality rate, determined from a "catch
curve" (Ricker, MS) or from a marking experiment, could even be
divided up equally throughout the year, as an approximation. If
fishing mortality can be separated from natural mortality, and if the
seasonal distribution of the former is known, then only the natural
deaths need be arbitrarily distributed throughout the year. Pond
experiments have already been started, from which it is hoped to obtain
information on the seasonal distribution of natural mortality among
some warm-water fishes of Indiana.
As information of this type accumulates, it is not too much to hope
that computations of fish production will be made as a matter of
course on any body of water being intensively studied. They need
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not be especially accurate in order to be far superior to the estimates
of yield which have usually been used in the past as a measure of fish
production in a body of water. With the young sockeye we have
found values between 2.1 and 3.6 for the ratio of production to yield,
but there are good reasons to expect that much larger or much smaller
ratios may prevail among other species, or at other ages, or in other
habitats. Thus, if a computation of production differs from the true
value even by 50 per cent, it is still a much better piece of information
than is the yield for the purpose of estimating the utilization of fish
food resources, or in connection with most other questions involving
the "trophic-dynamic "aspect of aquatic ecology.
As far as Cultus Lake is concerned, the picture of production and
food relationships obtained is incomplete from the standpoint of the
lake's economy as a whole. Even the information on the sockeye is
quite imperfect in places and some of the data used in the computation
of production should be checked as soon as possible. If a similar
study is attempted elsewhere, nothing would be more valuable than
the discovery of a practical method for obtaining good-sized samples
of the young sockeye when they are in the lake. Possibly a trawl
could be developed for this purpose that would not require too large a
boat to haul it, or experiments with a "trawl" hauled vertically might
be made. In our work it was always tantalizing to realize that while
millions of young salmon were present in the lake, it was necessary to
depend on partly digested stomach samples for information on growth
and feeding, and to rear in artificial ponds the specimens needed for
experimentation. If this hurdle can be passed, a small sockeye lake
similar to Cultus presents an unusually favorable opportunity for the
quantitative study of the process of production as a whole, including
the sockeye, their enemies and their food organisms. As Ivlev has
suggested, it is entirely possible that such a study might reveal im
portant principles which would be of general applicability to aquatic
productivity everywhere.
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DISCUSSION
Van Oosten: Is there any discussion on Dr. Ricker's paper?
Huntsman: How important would you consider it to be to carry out experiments
dealing with these points in an area or pond where you had a much better chance of
measuring your primary factors? In dealing with the whole problem of computation
of production, is it important to get actual facts from a body of water where you can
obtain what might be called the necessary data?
Ricker: I think experiments of that sort on small bodies of water would certainly be
valuable. It might be, as has been suggested, that some general principles might
emerge of which we are ignorant now but which might be applicable to larger bodies
as well. However, even if you wanted to apply them to larger bodies of water it
would have to be under experimental conditions.
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ABSTRACT
Fisheries management is practicable only where adequate information is available.
This exists at the present time in few instances. Prediction of sizes of populations,
based on knowledge of existing stocks and effect of new-age classes, is suggested as a
valuable feature of management. Many basic factors still have to be studied, e. g.,
relationship of spawning to recruitment, factors limiting early survival, mortality
rates in the ocean, adequate statistics, inter-specific relationships, variation in
oceanographic conditions. Setting up of quotas may be a useful means of regulation
provided that these are allowed flexibility to be altered as new data indicate. Limita
tion of fishermen may be required. Fisheries management policies to provide maxi
mum sustained yield are the objective of all fisheries. Progress is being made but
the rate is dependent on the extent to which pertinent data can be accumulated.
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DISCUSSION
It is very apparent at the present time that a very significant evolu
tion is taking place in fisheries biology. This has developed partly
from the natural extension of our interest from the individual to the
group or population as a whole, but especially from the wide demand
on the part of government and industry for definite practical recom
mendations by which the commercial stocks of fish may be protected
from over-zealous exploitation and consequent economic depletion in
order to obtain maintenance at a high level of production. This
newer approach has been termed "fisheries management" and suggests
a definite effort to regulate commercial exploitation of a stock of fish
in such a manner that a maximum quantity may be removed from
year to year without endangering the production of new supplies. In
other words, a maximum sustained yield is the objective.
It is now generally accepted that the resources of the sea are not
unlimited and inexhaustible, and that the ocean does not represent a
magic basin from which can be withdrawn at any time or in any place
an endless quantity of fish or other forms. On the contrary, it is now
commonly conceded that the sea has a definitely limited productive
capacity, like that of land, and that therefore there is a limit to what
can be harvested from it.
This relatively new conception, when coupled with the increased
demand for fish products and for the desire to capitalize as much as
possible on available marine resources (especially those of coastal
waters), has led to an appreciation of the need for a proper policy of
balancing exploitation or harvesting against the amount of fish avail
able and also of attempting to regulate the catch against the renewing
recruitment of the stocks of fish present. In other words, it is desired
to remove from the sea only those quantities of fish that constitute
what might be considered the surplus and to leave, for spawning pur
poses, a sufficient supply to maintain the stocks at a high level of
production.
Every country with a fishery that is either presently-existent or
potential is exhibiting keen interest in fisheries management, and many
of them are actively studying ways and means of initiating proper
regulation procedures. It is not a simple problem, however, and the
further fisheries biologists delve into the problems of fish populations
and their maintenance the more complex and complicated become the
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mechanics for suitable manipulation of catch versus natural production
of the stocks being exploited. The literature is replete with reports of
studies being conducted in many countries and on many species of fish.
These may eventually bear fruit.
Is FISHERIES MANAGEMENT PRACTICABLE?

At the outset it may be profitable to enquire as to whether or not a
scheme of fisheries management for any species of fish is wholly
practicable. Can we evaluate the productiveness of certain bodies of
water and assess the yields of fish which may safely be removed, as
agriculturalists do for land and crops and as ranchers do for pasturage
and stock? An agriculturalist, knowing the type of soil, the length of
the growing season, the conditions for average growth, and the average
yield of grains, can estimate fairly accurately what a given tract of
land should produce. His estimates will be affected only by unusual
environmental circumstances, such as excessive rain, drought, early
frost, disease, etc. Can the fishery biologist do equally well?
If by "maximum sustained yield" it is inferred that it will be prac
ticable to define, in course of time, how many millions of pounds of a
species of fish can be removed from a certain area year after year or
how many millions of cases it will be possible to pack annually, I
would hazard the opinion that such an objective will be achieved in
few instances. It is not in the nature of things for animals to act in
such a convenient manner. A cyclic rhythm seems to be a natural
phenomenon, and superimposed on this there are all the natural varia
tions produced by a host of varying environmental factors which have
an intimate effect on production. Of most of these we know very
little, actually, and it will be a long time before they are adequately
delineated.
VALUE OF PREDICTION

It seems reasonable to anticipate, however, that in course of time it
may be possible to predict in advance the size of populations of fish
and to indicate what amount of fish may be made available to the
fishery and what should be reserved as a spawning escapement.
Whenever fisheries research has advanced (with respect to any species
of fish) to the point where reasonably accurate estimates of existing
populations can be made and the relation to them of incoming age or
year-classes determined, it. may be feasible to set up some form of
tentative management policy.
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Among those species of fish which have a long life and in which the
same population is fished over a number of years, such as the halibut, a
relatively good picture of the trends in the stocks can be obtained.
Variations both in the extent of recruitment of young fish to the popu
lation and in natural mortality rates are not likely to be so severe, and
the effects can be foreseen well in advance. With fish having a shorter
life and fewer age-classes represented in the fishery, such as the herring
and pilchard, the trends in the sizes of the stocks can still be reasonably
well traced, but action to counteract any sudden decline in one age
group must be more quickly taken to restore the population to a maxi
mum level. For anadromous species, such as the Pacific salmon,
which die after the first spawning and where only one or two age
groups are involved, an estimation of populations is definitely more
difficult and regulatory measures have to be essentially more drastic.
The likelihood of success of any managment policy for any species
of fish will depend on the possibility of reasonable prediction estimates
being obtained. Where such prediction estimates indicate fairly
clearly the effect on the accumulating stock of cyclic changes in
survival and of reduction in recruitment due to unfavorable climatic
or environmental conditions, a flexible system of regulation seems
feasible and should tend to establish the fishery on a sound basis fairly
quickly. Fishery biologists are bending every effort to advance their
research along those lines that will reveal to them (1) the status of
existing populations of fish, (2) the trends occurring, (3) the factors
causing or influencing such trends, and (4) the feasibility of controlling,
in whatsoever way possible, the factors limiting survival or production
of fish. It is definitely a long-term problem requiring at the outset
the accumulation and analysis of many years' data before even a
preliminary conception of the status and trend of a population can be
had, but once commenced the addition of each season's records de
notes progress toward an eventual solution.
BASIC FACTORS STILL TO BE REVEALED

Before much progress can be made in practical fisheries management
there are a number of fundamental relationships that still must be
determined.

Relationship of Spawning to Recruitment. E. S. Russell (1942: 83)
has stated that "so far as we know at present, there is no obvious corre-
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lation between the number of eggs spawned and the number surviving
to reach the catchable stock, in any of the important species." He
has also pointed out with much truth (ibid.: 71) that" in the early days
of fishery science most workers thought that the main thing to aim at
was to keep up the supply of mature fish so that an abundant supply
of eggs and larvae and young fish might be assured." This is still
an axiom in many quarters, that there must always be a large spawning
escapement of mature fish in order to guarantee an abundant supply
of eggs and, ipso facto, of young fish.
That this may not be the correct approach for Pacific herring has
recently been advanced by Dr. A. L. Tester of the Fisheries Research
Board of Canada, who has been conducting an investigation of the
British Columbia herring fishery. Some ten years ago concern was
felt about the maintenance of the herring fishery of the east and west
coasts of Vancouver Island. It was decided to test out the quota
system of regulation whereby the commercial fishery would be limited
to an arbitrarily set quota and a suitable supply of fish for spawning
would be assured. The results to 1943-44 are reported by Tester
(1945). The investigation has now reached a point where the rela
tionship of extent of spawning to extent of actual recruitment of new
fish to the stock constitutes a basic consideration of regulation. If
there is a direct relationship between spawning and recruitment, then
provision for large spawning must be made, but if there is no significant
correlation, or in other words, if the recruitment is of equivalent extent
whether the spawning within limits be large or small, then attempts to
ensure a large spawning or seeding are unnecessary and may even
produce an unnecessary waste of food fish. An experiment on the
west coast of Vancouver Island has recently been commenced to
determine, by appreciably increasing the fishing intensity and thereby
cutting down the spawning escapements, the relationship between
spawning and recruitment by speedier methods than is possible under
the quota system.
Nowhere is the need for definite knowledge of the value of spawning
in relation to recruitment more pressing than in the salmon fisheries,
where the importance of large spawning escapements and heavy
seedings has been stressed for many years. All that is known at
present is that mortality during spawning, incubation, and early fresh
water residence is high. For Alaska red salmon which migrate to sea
as two- and three-year-old smolts the mortality has been reported
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(Barnaby, 1944: 292) at 99.55 per cent of the presumed egg deposition;
for Cultus Lake sockeye, migrating principally at the end of the first
year, the loss is 98.2 per cent (Foerster, 1938: 154); for fry-migrating
pink salmon, the mortality varied at McClinton Creek, Queen Char
lotte Islands, from 93.1 to 76 per cent (Pritchard, 1939), and for chum
salmon in a small stream (Nile Creek) on the east coast of Vancouver
Island, 97 per cent (Neave, unpublished data). Except for the
McClinton Creek pink salmon experiments (Pritchard, 1939), where an
inverse relationship was demonstrated between spawning escapement
and percentage fry production, there are insufficient data available to
define the relationship of varying amounts of spawning to resulting
production of young fish. The salient information is badly needed.

Factors Limiting Early Survival. To what extent losses occurring
during spawning and early life can be controlled or reduced depends
largely on the responsible factors and on the feasibility of control or
reduction. Obviously the greater the survival of eggs and young the
greater the recruitment and the more rapid the increase in the stock
to its upper limit; greater also, the catch which can be allowed to
fishermen.
For marine species the factors involved in limiting survival of eggs
and young, if known, are probably largely beyond control. For
shore or reef spawning species there may be some means of improving
spawning and survival conditions, but the most promising possibilities
appear to exist in the case of the salmon, where, by stream improve
ment, water-flow control, elimination of predators, etc.; or perhaps by
some effective measures of artificial propagation, production of young
may be appreciably increased. ·
Irrespective of the present likelihood of practical control, the limit
ing factors in all cases should be investigated and revealed. Until
they are known our knowledge is incomplete and the practicability of
dealing with them effectively remains undetermined.
Mortality Rates in the Ocean. For many of the commercial fishes the
mortality rates during ocean residence can be determined. By com
parison of survival of year groups and by tagging it has been possible
in many cases to compute reasonably accurately the mortality, both
natural and fishing; such information is essential to a full understand
ing of the fishery and the development of a management policy.
For salmon, however, such data are conspicuously lacking. Only
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for sockeye salmon are there any pertinent data. These were obtained
(1) in connection with propagation experiments, conducted by the
Fisheries Research Board of Canada at Cultus Lake, British Columbia
(Foerster, 1936), which revealed a survival to the adult stages of ap
proximately 10 per cent of the seaward migrants leaving the lake, and
(2) by the United States Fish and Wildlife Service for Karluk Lake,
Alaska (Barnaby, 1944), which showed a return of 21.0 per cent. The
Cultus Lake results were obtained from marked yearling migrants,
while those for Karluk were derived from marked two-year-old smolts.
These findings require confirmation.
Obviously in developing any management policy, even in attempting
any prediction procedure, it is essential that some approximate esti
mate of the return from the sea, whether computed from spawning
adults or seaward migrating young, must be established. For salmon
this remains one of the important unknowns in our knowledge and
constitutes a challenge for workers in this field.
Adequate Statistics. In all population studies it is imperative that
there be available as complete statistics as possible of the catches of
fish, particularly in relation to place of capture. On the British
Columbia coast this phase of the work has been progressing very
slowly and cannot be considered adequate in any of the fisheries.
Migration studies by means of tagging have shown that certain
species of commercial fish are caught in several fishing areas along the
coast, each of the same general population. In developing a manage
ment policy it is necessary to know where the species are being ex
ploited and to what extent. Otherwise the measures of abundance
or the indices of trends are not accurate. In other species there are
discrete populations in various parts of the coastal area. It is neces
sary to know the limits of these populations and to obtain the specific
data pertaining to them. This can be achieved only by collecting
proper catch statistics and by adequate sampling of the catches.
Slow progress is being made in the development of a satisfactory
system of statistics. In many respects the sincere and honest co
operation of individual fishermen has to be relied upon to obtain the
data as to place of capture, and where such assistance is lacking the
results obtainable are of limited value. In a ling cod study attempted
in the Strait of Georgia a few years ago the whole investigation broke
down because the fishermen (at that time many were Japanese) re-

220

Bulletin of the Bingham Oceanographic Collection

[XI: 4

fused to reveal where their catches were being made. Without this
information neither proper catch records nor suitable sampling pro
cedures could be completed. There are indications that the attitude
of the fisherman is changing. This should facilitate future efforts to
acquire the essential basic data.
Inter-specific Relationships. It is reasonable to assume that in the
water, even as on land, there is a constant conflict for existence, for
food and for space, between populations of species. When one popu
lation declines or increases, whether predator, prey or competitor, it
has an effect on the others. In some instances heavy fishing of a
predator of other fishes, whether it be a food fish or a fish valuable for
liver or body oils or for other products, relieves the pressure on the
preyed-upon group and permits the latter to increase. This may be
advantageous or otherwise. When steps are taken by regulation to
curtail fishing on certain species there is an effect on others, perhaps
beneficial, perhaps the contrary.
How significant such relationships between species are in the devel
opment of management policies depends largely upon the species being
managed. In certain cases the reactions may be highly significant and
important; in others they may be only of minor concern. Neverthe
less they should be included in any investigation and the part they
play clearly determined, even though only as factors causing variation
in the populations being managed.
For salmon, as an example, there is available certain evidence
(Foerster and Ricker, 1941) that control of predator fish can result in
appreciable increase in survival of young sockeye. This suggests one
means of management. Young sockeye during their year in the lake
have also certain competitors for plankton food. Reduction in num
bers of these fish should result in greater growth and survival of the
more desirable sockeye. Where the latter have been severely reduced
in abundance through various causes, the competitors may now be
well established, and sufficiently so to make it impossible to restore the
former sockeye populations. Only by clearing out these competitors
can restoration of the sockeye, then, perhaps be accomplished. This
would also be a phase of fisheries management.
Other examples of important relationships could be cited, such as the
probable effect on some of our coastal fisheries of the protection of the
fur seal and its notable increase in abundance, the heavy war-time
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exploitation of our grayfish (dogfish) populations, the alleged increase
in sea lions and hair seals, the establishment of halibut nursery areas
in certain coastal regions and the effect on crab populations. All such
population changes undoubtedly have a bearing on the conditions
prevailing in other fisheries.
Variations in Oceanographic Conditions. Conditions prevailing in
the inshore and offshore ocean waters have a direct bearing not only
upon availability of fish to the fishermen but also upon survival. To
cite but one example, the recent near-failure of the pilchard fishery on
the west coast of Vancouver Island in 1946 is attributed partly to
decreased population, to the· failure of new age-classes to enter the
fishery, and partly to changed oceanographic conditions which cut
short the normal northward annual migration.
Little is known of the real relationship of oceanographic conditions
to the well-being of our Pacific coast fishes, but since spawning of the
marine species is intimately associated with environmental conditions,
it is evident that a study is essential before a proper understand
ing can be reached. Although it is unlikely that any measure of con
trol can be instituted, a knowledge of the conditions, and particularly
of existing trends, if any, can be of great significance in prediction and
may play a major part in this important feature of fisheries manage
ment. The initiation of an oceanographic investigation is urgently
needed. Its results will have wide application to fisheries.
ESTABLISHMENT OF QUOTAS

In view of our existing limited knowledge of the exact status of
many of our fisheries, and in view of the demand for management of
some kind to build the stocks up to a reasonable maximum level and
maintain them at that level with a maximum sustained yield, it may
yet be considered feasible in many cases to adopt a quota system of
regulation or management, thus limiting the extent of commercial
exploitation and thereby ascertaining how the populations of fish react.
Undoubtedly there will be variations in abundance from year to year
as well as variations in availability of fish to the fishermen due to
weather, late running, etc., but if the quota be allowed a moderate
flexibility dependent upon information and data made available to the
biologists, such a system would seem to have genuine merit. It would
at least provide a control on one phase of the fishery, especially if it be
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a highly-exploited fishery, and it would achieve a quicker understand
ing of the maximum desirable level of exploitation to be reasonably
allowed. It would not be expected at any time to provide a uniform
level of exploitation or a uniform sustained yield or catch, for cyclic
variations in abundance are likely to occur, perhaps of some magnitude
over a period of years, but it would tend to cut the extremes of these
cyclic variations and would at least lead to an earlier understanding of
their existence and probable extent. Quotas may therefore prove
effective as the first step in fisheries management, and a very useful
one. They might even lead to the conclusion that in certain fisheries
no management is required. Even this would be a progressive step,
but the writer is dubious of the likelihood of its occurring.
One argument against limitation of catch by quotas or by any other
means is that under such a system no attention is given to economic
demand, price levels, etc. In those years, for example, when there
exists a keen demand for certain fish products due to failures in the
supply of other food products or because of the failure of fisheries in
other areas, there is no opportunity of appreciably increasing the
catch and relieving the critical situation. If prices happen to be high,
there is no means of capitalizing on them. It is argued that, since
there is little danger of depleting a stock of fish beyond recovery, it
may be found advisable to exploit it heavily at opportune times, even
though it lead to temporary economic depletion subsequently. Such
a practice, though meeting immediate expediencies in unusual in
stances, inevitably results in highly fluctuating fisheries with no as
surance that the low levels of abundance may not occur at times when
abundant supplies are sorely needed. It would not appear to be a
wise system of management.
LIMITATION OF FISHERMEN

Quotas are suggested as a means of definitely limiting the total
extent of exploitation. They limit the amount of the catch of fish,
irrespective of the number of fishermen. A further means of manage
ment might be the limitation of licenses, thus stabilizing the number
of fishermen involved and assuring to each a reasonable catch. This
has already been suggested for the salmon fisheries of British Columbia
by the Assistant Commissioner of Fisheries (Alexander, 1939: 18) and
has been discussed in general terms as a method of fisheries manage
ment by Herrington and Nesbit (1943).
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There is much merit in the contention that such limitation would
benefit the fishermen as well as the supply of fish, for the licensed
fishermen would then be more definitely interested in the conservation
of the fish and the maintenance of his means of livelihood at a high
level. It might lead to the development of a more stable group of
experienced, highly-efficient operators. On the other hand, it might
be difficult to bring such a system into being, and for some of our
fisheries it might lead to wastage of fish.
The subject is included only as a reference to a further method of
fisheries management.
CONCLUSION
That some measure of fisheries management should be developed to
maintain a high sustained yield for our commercially-important
fisheries seems highly desirable. While for some species a reasonable
management policy may now be possible, for others more pertinent
information is required. Quota systems of regulations leading even
tually to final management policies are suggested, but the quotas
should retain sufficient flexibility to be altered as conditions warrant.
Quotas may quite quickly reveal the effect of fishing-effort on the
stocks of fish and indicate the general reaction to varying degrees of
exploitation.
Prediction is considered a valuable phase of management. It can
indicate for certain species the trends in the populations, even if it
does not reveal the total abundances, and can be used as a guide to
effective regulation of fishing-effort in order to guarantee an adequate
spawning population.
The fishing industry and government departments charged with the
administration of fisheries resources are vitally interested in the es
tablishment of suitable management policies that will result in maxi
mum sustained exploitation consistent with perpetuation of the re
source. Restriction of fishing-effort is in some instances the only
means of rebuilding the stocks to high levels of abundance, but wher:
ever possible these restrictions should be supplemented by other
means of increasing production of fish to the end that the restrictions
can be reduced and maintenance of stocks of fish at high levels of
abundance assured by other phases of management. Definite prog
ress is being made as pertinent facts accumulate. Methods used and
results obtained in all parts of the world are critically examined to
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determine their usefulness in other situations, and gradually the value
and practicability of useful management policies are becoming clarified.
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DISCUSSION

Van Oosten: Dr. Foerster's paper is now open for discussion.
Huntsman: I wonder about the economic side which you almost seemed to exclude
from your plans for future management. I understood from Dr. Needler's remarks
that he would put that in the forefront. Could it be considered as proper procedure
to place the most importance upon the purely economic factor of catch-per-unit-of
effort, and attempt primarily to manage on that basis, bringing in the matter of
determining availability in due course?
Foerster: I think you have to have a scientific basis on which to operate-in other
words, some principles for your fisheries management.
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Huntsman: This would be a principle. You would base your fishery upon catch
per-unit-of-effort as the fishermen, I think, really have to do, but you help them to
do it well.
Herrington: Isn't it preferable to take a medium course? If you decide to do
something from the biological angle, then you must consider how those measures
would bear on the fishermen.
Let's assume that it has been determined that a certain fish would benefit by
raising the size limit from 20 to 30 inches. A large part of the fish population lies
between 20 to 30 inches. If you raised the size limit in one jump you would wipe
out the fisherman's livelihood for a period of perhaps three years. That would
obviously be economically and sociologically undesirable. So you compromise and
raise the limit slowly so that each step will have very little effect each year. Isn't
that the way it is done?
Huntsman: Yes, but suppose we take the Pacific halibut experiment which has been
under criticism. Hasn't it been worth-while from the aspect of catch-per-unit-of
effort? Looking at that part of the experiment, or the management, surely it has
been worth-while, irrespective of the part that has been criticized.
Burkenroad: You evidently mean that the price to the fisherman has been raised
by management, because there is no evidence that it is the regulation which has
improved the catch-per-unit-of-effort. The fisherman is getting a better price,
relative to catch-per-unit-of-effort. The public is paying a higher price, relative to
the availability of the fish.
Huntsman: I am under a misconception. I thought there was a decided improvement in the catch-per-unit-of-effort.
B urkenroad: Yes, but there is no evidence that it was due to the regulations.
Huntsman: I thought that was an actual result.
Burkenroad: I don't think .the evidence requires that it be considered as anything
but an unforeseen natural change.
Herrington: Wouldn't the evidence plus experience show that the size of the fleet
was a factor. If the fleet grows and if they are fishing the full season, rather than
just t,wo or three months, what usually happens is that the total catch, not the catch
per-unit-of-effort, goes up. In the halibut case the catch was held down so that the
returns-per-skate went up.
Burkenroad: As landings go up the price goes down, other things being equal, and
effort would then be expected to decline. This is a complicated relationship which
we are ti;ying without much success to analyze for the North Carolina Survey.
But to assume; in the lack of satisfactory analysis, that the fisheries would not
regulate themselves at the level socially optimal is equally without foundation.
Huntsman: I thought if anything was clearly established it was that the restriction
of effort would increase the catch-per-unit-of-effort, both in the European and the
Pacific halibut.

"""'
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· Burkenroad.• The only thing that is established is the theoretical possibility.
I would like to raise the point that, even if we grant that management based on
sound biological principles should have a beneficial effect on a given species of fish,
and even if we disregard the probability that benefit to one species will have detri
mental repercussions on other members of the ecosystem, the question remai ns
whether the magnitude of the changes caused by the fishery is really at all comparable
with the magnitude of the uncontrollable natural changes. For example, if you are
aiming to create, by restrictions of fishing, a small improvement over what you could
get without restriction, but if natural fluctuations are causing very large changes,
then the effort required for a management program may not be worth the cost. It
all depends on the ratio in magnitude of effect between the natural causes and the
human causes. It seems to me that, for most if not all fisheries, it has not yet been
demonstrated that the natural or the indirectly human effects do not far overshado�
the effects of fishing.
Foerster: That is perfectly true. Sometimes, though, I wonder whether we are not
exaggerating the possibilities of natural variations.
Huntsman: What is the position now as to fishery management for the future?
The fisheries are bound to be managed by the fishermen themselves, but can the
fisheries investigators see, more or less clearly, certain parts of the picture which enable
them to help the fishermen manage the fisheries more effectively? What can we see
most clearly? We should take full account, it seems to me, of this very important
matter of the catch-per-unit-of-effort, as Dr. Needler has pointed out, so as to know
whether or not the fisherman is going to make a living, and advise him accordingly.
How much farther we can see is the question. We may be in doubt about these
natural fluctuations. We should try to separate them out if we can.
Needler: Certainly I didn't intend to suggest that management should be based
only on a knowledge of the catch-per-unit-of-effort. Management, as most highly
developed, should be based on a knowledge of the population as well. It depends on
the definition of management. The knowledge of the catch-per-unit-of-effort and
prediction of the catch-per-unit-of-effort could contribute, of course, to management
which attempts to even up production; and it could contribute to the economic use
of next year's crop of fish.
Burkenroad: One question is, does the particular fishery considered have an effect
on the next year's crop? For example, in peneid shrimp a high proportion seems to
be removed, but there does not seem to be any evidence that that removal has any
effect on the next year's crop; thus the field for rational legal restriction there is
probably limited to the question of how rapidly each crop of shrimp should be har
vested, and by whom. The biological question of whether delayed harvesting would
really increase the crop is subsidiary to unsolved socioeconomic questions. If the
next year's stock is going to reach the level that natural conditions permit, without
reference to the preceding year's fishery, what does the biologist manage?
Needler: That's the whole point. You have to know what your mortality is going
to be and, of course, you have to bring in the length of life of the animal concerned.
With the halibut it would be a reasonable assumption that a large proportion of the
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larger halibut would be there next year. Now, with silverside, it is a reasonable
assumption that any you left wouldn't be there at all.
Fry: It's a little hard for a mere neutral person to get a word in edgewise. It
would seem to me, listening to the managers and nonmanagers in the course of the
last day and a half, the one thing you have not gotten down to is the actual applica
tion of the principal of limiting factors, which is really the thing you are both invok
ing. That is, a factor that is potentially limiting does not operate until you get
down to a certain point. I don't quite see why you don't get together and say,
"There is a possibility of one :fishery reducing the stock below the minimum and thus
getting it into this limiting range where it is going to affect the next year's crop.
However, in this other :fishery that is not so."
Needler: I think you have stated what I was trying to say, that is, that the applica
bility of these methods depends on the intensity of the :fishery.
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ABSTRACT
The purpose of this paper is to determine the factors having most influence on the
average productivity of certain fish populations; to develop the theoretical relation
ships expressing the effect of these factors on fish stocks; to test the validity of the
theoretical relationships by using actual data for certain fisheries; and to apply the
conclusions to the problem of explaining the present poor condition of the haddock
population and how it can be improved.
The theoretical relationships developed indicate, under the conditions considered,
that average relative recruitment to the usable stock of fish is dependent chiefly upon
the size of the spawning stock and of the competitive stock. The correlation between
adult stock and recruitment for actual haddock data is very similar to the theoretical
correlation curve. By varying the supply of food, changes in the theoretical curve
are obtained which are similar to recent changes in the actual haddock correlation
curve.
The conclusion that recent supplies of food available to haddock have been reduced
materially is supported by independent evidence from studies of adult stock distri
bution on the fishing grounds and from growth rates. Increases in the population of
other species have not been sufficient to explain the decrease in haddock food.
This study shows that the recent scarcity of haddock resulted from reduced food
supplies for haddock and from underfishing during the war. It also indicates that
recruitment should increase during 1947-48, and that, to maintain a high yield in the
future, the adult population must be held within the limits required for good spawn
ing and minimum intraspecific competition .

. The basic objective of the major proportion of the work in fishery
biology, at least of that part financed by Government, is to determine
how man can obtain the maximum continued yield from our fishery
resources. The maximum objective of the work is the accumulation
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of such knowledge that the controllable elements of the environment
can be managed so that productivity can be held at the maximum; the
minimum objective is to discover causes of variability in productivity,
whether controllable or not, so that useless expenditure of effort and
funds on ineffective management measures can be avoided. There
are many intermediate objectives which may be of value in situations
where the maximum cannot be achieved.
THE PROBLEM
The wide variety of procedures and programs adopted by fishery
biologists suggests that the field is broad and the approach to the
problem not well defined. Perhaps it will help if some of the essential
parameters can be determined; that is, what parameters must be
known if we are to determine the optimum yield and its concomitant
conditions.
On the average, the number of fish of usable size which man can
remove annually from an independent population of fish is equal to
the annual recruitment to this population from the upgrowth of
young, minus the natural mortality of the usable stock. Thus:
Pi+ R - Mn - M1 = P2,
in which P1 equals the population of usable size at the beginning of the
year, R equals the annual recruitment, Mn equals natural mortality
through the year, M1 equals the mortality from fishing (the catch),
and P2 equals the population at the beginning of the next year, with
all of the values given in numbers of fish.
When the fishery is stabilized P1 = P2 and M1 = R - M,..
In the interest of simplicity, let us temporarily forget natural
mortality of fish of usable size. Then, since M1 = R, we can define
the conditions of maximum sustained yield as those which result in the
maximum sustained recruitment. Consequently, our problem is to
determine the quantitative relationships or correlations between re
cruitment and the various environmental factors, in order that the
conditions of maximum recruitment can be defined.
This statement is an oversimplification, of course. The commercial
fisherman at least is more interested in the weight of fish caught than
in the number. Therefore, recruitment in weight through growth to
a larger size must be considered in addition to recruitment in numbers.
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In the following sections of this paper it will be shown that increase
in weight or mass of the usable and adult stock will have effects on re
cruitment which may outweigh the direct effect of increased size of the
individual fish. The complete interrelationships have not yet been
worked out, but in the case of Georges Bank haddock it appears that
the size at which the fish are taken for market is much less important
in determining the maximum yield than is the mass of the adult stock
maintained in the area. This may be equally true for many other
species.
THEORETICAL CONSIDERATIONS
It will be of help in examining this problem to set up hypotheses
covering some of these relationships, which then can be tested by
application to actual data. The hypotheses have been derived to
apply particularly to populations such as Georges Bank haddock,
which are predominant among the larger fish in that area and which
are noncannibalistic. However, it is probable that with certain
modifications the hypotheses may be more generally applicable. The
basis for the hypotheses will include factual information, reasoning
and speculation.
Recruitment equals reproduction (numbers of fertilized eggs or
young) minus the mortality they experience before reaching usable
size. Since reproduction generally is roughly proportional to the mass
of the spawning stock (number and size of spawners), relative repro
duction can be represented by a straight line starting at zero when the
spawning stock is zero, increasing with the mass of the spawning stock,
and reaching a maximum of 100 per cent when the spawning stock
reaches a maximum (Fig. 1., Table I).
The mortality experienced between the egg or newly-spawned
young stage and the time the fish reach usable size is caused by
numerous factors including predators, food limitations, and unfavor
able conditions in respect to temperature, salinity and currents.
Temperature and salinity are of primary importance in delineating
the area outside of which M,. is so high that survival is poor or impos
sible. Within this area, year-to-year variations in temperature and
salinity may cause annual variations in natural mortality, and there
fore, in annual recruitment. However, in such cases it is not likely
that either is the limiting factor in determining the average recruitment
over a period of years. Therefore, in general, within the favorable
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FIGURE 1. Relationship of the adult stock to production of eggs. Correlation between
the relative adult population size (mass), plotted as a percentage of the maximum, and the
relative number of eggs or larvae produced, plotted as a percentage of the maximum.

temperature and salinity ranges of a species, food and predators are
likely to be much more important in determining average survival than
are temperature and salinity. Food is directly related, for in the final
analysis it is the amount of food available which provides the over-all
limitation on the amount of life which can be supported in a given area.
Thus, at high population levels intraspecific competition for food
should be dominant. However, when the population is considerably
below the maximum which the food will support, interspecific preda
tion probably becomes more important in determining the average
survival or recruitment.
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In this and in the following sections "available food" is used in the
sense of food available to the species being considered. Interspecific
competition for food will reduce the amount available to this species,
and therefore it has the same effect as a reduction in the supply from
some other cause. The effect of such changes in the supply of food
will be considered in a later section (p. 241).
Interspecific predation and intraspecific competition and the mor
talities arising therefrom operate concurrently, but, as just pointed
out, it is probable that the first reaches a maximum rate at low popu
lation levels and the latter at high levels. It is also probable that the
two types of mortality attain their maximum influence at different
times in the life cycle of the fish. In the case of haddock, mortality
from interspecific competition probably is greatest during the first
year or two of life on the bottom. For the sake of simplicity in argu
ment these two types of mortality will be considered as if they occurred
successively rather than concurrently. This will yield somewhat
different values for mortality rates than if concurrent rates were used,
but it should not change the general shape of the adult stock-recruit
ment correlation curve.
MORTALITY FROM lNTERSPECIFIC PREDATION

When the number of eggs and early-stage larvae is small, mortality
from interspecific predation probably reaches a very high percentage
for the egg, larval and young fish stages. However, the number of
potential enemies in a given season must have some practical limit, so
that as the quantities of eggs and young increase a saturation point
will be reached beyond which the actual numbers of young taken will
not increase greatly. In this event the rate of mortality will decrease
as the population of young approaches the saturation level. The
relationship of mortality rate to the adult population size will be
similar to that between mortality rate and the number of eggs and
early larvae, for the magnitudes of population size and eggs and early
larvae are at least roughly proportional (Fig. 1).
If the mortality of the eggs and young from interspecific predation
is of the type discussed above, it will be related to population size
more or less as shown in Fig. 2 and Table I. The values shown do
not pretend to represent the actual mortality rates and percentage of
survivors, but rather only the type of change in rate which exists.
The mortality rate could be greatly increased above that shown with-

236

Bulletin of the Bingham Oceanographic Collection

[XI: 4

100------------------.......---- 0

00

FIGURE 2. Effect of interspecific predation on survival of young. Theoretical correlation
between the relative adult population size and the losses, mortality rate and survivors from
interspecific predation. The egg production curve is from Fig. l; the relative losses are
assumed (see text); the mortality curve and survival curve are derived from the :first two
curves. These curves do not represent actual numbers and rates but only the type of change
in number or rate which accompanies changes in the adult population size.

out changing the shape of the survival curve. The only assumptions
involved are that predators take a high proportion of the eggs and
early larvae when the latter are relatively scarce (i. e., at low popula
tion levels) and that a decreasing proportion is taken as the numbers
increase. The actual numbers destroyed, therefore, approach an
asymptotic limit determined by the number of predators (Fig. 2).
Probably the fixed limit to the number destroyed, indicated in Fig. 2,
does not exist in nature, although it should be approximated. With
increasing population size and number of eggs, the young probably
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would be dispersed over a somewhat greater area, even for increases at
high population levels. This greater distribution would subject them
to more predators, so that the asymptotic limit at high population
levels would not be fixed but would increase slightly with an increase
in population.
MORTALITY FROM lNTRASPECIFIC COMPETITION

The mortality arising from intraspecific competition for food should
be closely related to population size. The rate would be related to the
average amount of food per fish, and with a given supply of food the
average food per fish would be determined by the size of the popula
tion. In the following line of reasoning we will assume a constant
supply of food available to haddock. The effect of changing inter
specific competition for food will be referred to later (p. 241).
At population levels well below the maximum that can be supported
in an area the competition would be low, and with increasing popula
tion size this competition would increase at a low rate until the most
accessible kinds of food and most suitable grounds had been utilized.
Thereafter the rate would increase more rapidly with further increases
in population level and egg production, in order to hold the numbers of
young to the level which the food supply would support.
If the competition were principally within year-classes, this increase
in mortality rate at higher population levels should be about propor
tional to the increase in number of eggs and, therefore, of the adult
stock. This relationship would be necessary to hold the survivors to
the number which the supply of food could support. Under actual
conditions it is probable that the number of survivors would not level
off at an absolute ceiling, for with a continued increase in the adult
population the young would be spread over a somewhat greater area.
This would make available at least some additional supplies of food.
This type of mortality (competition within year-classes) is shown in
Fig. 3. Mortality at low population levels is light but increases as the
population increases, until the most accessible supplies of food are
utilized. From there on the mortality increases to keep the surviving
population in balance with food supplies.
In the case of haddock at least, the principal competition at higher
population levels is between year-classes instead of within classes.
The principal nursery grounds are outside of the areas apparently
preferred by the adult fish (Figs. 18, 19). Consequently, the competi-
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F1ouRE 3. Effect of intra-year-class competition for food. Theoretical correlation
between the relative adult population size, the mortality rate from intra-year-class competi
tion for food, and the survivors from interspecific predation and intra-year-class competition.
The interspecific survival curve is from Fig. 2; the mortality rate curve is assumed (see text);
the curve representing interspecific and intra-year-class survivors is derived from the pre
ceding curves. The mortality curve represents only the relative change in rate which ac
companies changes in the adult population size.

tion between the old and young is limited, except when the population
of adults increases until growing population pressure forces them to
spread out in search for food to areas not covered at lower population
levels. Competition with the young then increases rapidly. If the
adults are migratory and the young are not (as with haddock), it is
probable that the nursery grounds are stripped of food, the adults then
moving on, leaving little food for the young. Under these conditions
the mortality rate of the young would increase slowly with increasing
population size until the adult population reached the level where it
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relative change which accompanies changes in population size.

began to overrun the principal nursery grounds. Further increases in
the adult population would cause a rapid rise in the mortality rate
until it approached 100 per cent. From there on further increase in
rate would be slow, for it is probable that a few young could continue
to find food in out-of-the-way localities and in particularly favorable
areas. The mortality curve of this type should approximate some
such shape as shown in Fig. 4.
If both intra- and inter-year-class competition are present, their
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effects would be combined at the lower population levels, since they
both serve to reduce the amount of food available per fish. Both
would increase as the adult population increased, for competition with
the adults would become greater as the adults increased, and the with
in-year-class competition would rise as the eggs and larvae increased in
numbers. These increases would be proportional to the spawning
stock. At higher population levels the relationship may be more
complicated, depending on whether or not the competition between
adults and young is present throughout the years before the young
reach usable size or is concentrated in a particular year or season.
In the case of Georges Bank haddock there is considerable evidence
which indicates that at high population levels this type of competition
is concentrated mainly in the first winter of the young haddock's life.
At that time the young are 8-12 months old, the adults are most dis
persed, and production of food probably is at its minimum. If such
is the case, then at high population levels the mortality caused by
competition within the year-class before the first winter would not be
important. The bottleneck on survival would be determined by the
competition furnished by the adult population during the first winter.
Inter-year-class competition after the first winter probably is not
critical, for haddock in their second and third years become more
migratory, and thus they are able to seek new grounds for food if one
area is stripped. During the years covered by our data there is no
evidence to indicate that there has been abnormally high mortality of
older fish at times of maximum population level.
It does not appear essential at this point to determine the relative
importance of mortality caused by intra- and inter-year-class competi
tion, or to determine whether or not the acceleration in mortality from
the two types of competition occurs at the same population level. If
inter-year-class competition is most important, as in the case of had
dock, the survival curve will be of the type shown in Fig. 4, while if
intra-year-class competition is the most important, the survival curve
will be of the type in Fig. 3.
In the foregoing discussions adult stock is used to represent spawning
stock as well as competitive stock. This condition is approximated
for species such as haddock, where the fish mature at about the time
they reach usable size. For other species such as the New England
lobster and rosefish, the fishery begins taking the young several years
before they reach spawning size. In such cases the adult stock and

'""'-ii
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the competitive stock (as represented by the catch) will have different
values and must be plotted on different scales to obtain the recruit
ment-stock correlation.
EFFECTS OF DECREASE IN FOOD

This problem can be subdivided into two parts, (1) decrease in food
for the larval and early bottom stages (first summer) and (2) for the
older stages.
Decreases in food for the larvae and juveniles only would cause the
point of inflection in the intra-year-class mortality curve (Fig. 3) to
move to the left to whatever extent was required to keep the surviving
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These theoretical correlation curves are similar to those in Fig. 4, except for changes caused
by reducing the food supply for the older year classes by 50 per cent.

population within the limits of the reduced supply of food. This
would lower the maximum level for the numbers surviving; it would
round off the peak but would not otherwise greatly change the shape
of the recruitment-adult population correlation curve; and it would
depress the location of the modal recruitment value in relation to adult
population size to only a minor extent. These effects are shown in
Fig. 5 and Table II, and in the Fig. 7 curve, for 50 per cent reduced
food for juveniles.
A reduction in the supply of food for the older fish would have a
more noticeable effect on the recruitment-population correlation curve.
The decreased amount of food would cause the adults to spread out in
the search for food at a lower population level than before. This
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would shift the first inflection point in the mortality curve (Fig. 4) in
the direction of a smaller adult population, more or less in proportion
to the reduction in food supplies. As a result, the modal recruitment
value in the recruitment-population correlation curve would be shifted
in the same direction. Fig. 6 and Table II show the effect of a 50 per
cent reduction in food for the older year-classes.
The effects of reduction in food supply for juveniles only, adults
only, and for both juveniles and adults, are shown by the recruitment
adult population correlation curves in Fig. 7. Reduction in juvenile
food reduces the maximum recruitment but does not materially shift
the mode in relation to adult population size. The effects are much
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greater when food supplies are reduced for older year-classes and for all
year-classes. The modal value is reduced and shifted in the direction
of lower population level.

SECURING THE ESSENTIAL PARAMETERS
It seems probable that average reproduction and survival to usable
size (recruitment) is determined primarily by mortality correlations
of the types represented by the curves developed in the course of the
preceding reasoning and speculation. In these relationships the
quantity and type of food available to a given population is the factor
which is most important in setting the over-all limit on recruitment.
Furthermore, within the limits set by food supplies, it appears that
population size is most important in determining the success of average
recruitment.
Population size is subject to control by man. It follows then that
if we hope to manage our fisheries so that the maximum sustained
yield can be obtained it is essential that these relationships be under
stood and evaluated. Until this is accomplished it will be impossible
to state what conditions relating to spawning stock and population
size will produce the maximum sustained recruitment. Increasing the
size of the spawning stock or total usable stock by minimum size
limits, catch limits, of by other controls on fishing, may be harmful if
it results in greatly increased intraspecific competition. Decrease in
recruitment from this cause may more than compensate for gains
achieved by larger size of individual fish and more spawners. In some
cases perhaps the soundest conservation measure would be to stiinulate
the decrease of the stocks by decreasing protection.
This line of argument,leads to the conclusion that the first problem
of the fishery biologist usually should be to determine the above
relationships. The problem can be .attacked through study of the
present and past fishery. If suitable data are available covering years
during which the population has varied through a wide range of pro
ductivity, it is likely that it will be possible to determine the recruit
ment-population correlation curve over a considerable proportion of
the total population range. In such a case the optimal condition of
spawning stock and population size can be estimated. When data are
available covering only a limited part of the recruitment-population
correlation curve, and not including the modal recruitment section,
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then conclusions concerning optimal conditions will not be possible,
but the biologist may be able to point out the direction in which
spawning stock and population should be changed to produce a greater
yield. By the collection of suitable data it will be possible to deter
mine when the optimum population size has been deviated from, and
management efforts then can be concentrated on returning the popula
tion to and maintaining it at the optimum level.
To solve the problem it is necessary that the several basic factors be
evaluated quantitatively so that their relationships can be determined.
These basic factors are recruitment, spawning stock and usable popu
lation size. Total catch (M1) also is an essential element, for it is the
final measure of productivity, and usually management of the catch is
the most effective method for control of population and of spawning
stock size.
Evaluation of annual recruitment, spawning stock and population
size in general requires an accurate abundance index for the usable
population. From such an index it is possible by means of size or age
analysis, age at maturity and other data to determine the relative or
actual numbers of fish reaching usable size each year (recruitment), the
relative or actual numbers of spawners during any year (spawning
stock) and the relative or actual numbers of fish of any size or year
class.
Measurement of abundance can be approached in several ways.
The simplest (but not simple) case is that of anadromous fish such as
salmon, where the spawning run makes up practically the entire
usable population. Accurate records of the catch, plus a count of the
upriver migrants made at a dam or weir, provide a complete record of
the adult stock. This can be broken down into the respective age
groups by means of suitable scale samples. The total number of fish
of each year-class, on their first return to the river, is the recruitment
from that class. The total number of fish escaping upriver to spawn
is the spawning stock. The number of fish of any particular size or
age-class can be obtained by sampling procedures. Compared to this,
the accurate evaluation of abundance for a fish population in a large
river, lake, bay, or ocean, when the usable and mature fish do not pass
in review, is progressively, and in some cases almost immeasurably,
more difficult.
In small streams and lakes an absolute measure of the total popula
tion can be obtained by poisoning, drainage, shocking, etc. However,
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with the exception of shocking, there may be some question concerning
the use of these methods in a continued study of productivity, for they
are likely to considerably alter natural conditions in the water body
being studied.
All other approaches to this problem, using present methods and
equipment, are indirect. Since it is impossible to obtain direct counts
of the population, it is necessary to make use of sampling methods
utilizing the commercial or sport fisheries, tagging procedures, or
special gear operated from research vessels. Such methods can pro
vide the needed data, but the errors in the values obtained are unfor
tunately large. Probably the greatest challenge to the fishery biolo
gist today is improvement in his methods of measuring fish populations.
Possibilities for improvement include technological developments such
as subsurface photography, sampling mechanisms, etc.
RECRUITMENT

Evaluation of recruitment can be based upon an idex showing the
relative abundance of the fish population from year to year, the total
annual catch, and the age composition of the population and catch.
From these data the relative numbers of fish reaching usable size from
each year-class can be derived. The accuracy of the evaluation will
be limited by the accuracy with which abundance and age composition
can be measured.
Absolute recruitment also can be evaluated but requires somewhat
more data. Rough values for recruitment can be obtained from the
following simplified formula given earlier in this paper:

+ R1 - M1i = P2
R1 = P2 - P1 + M11 ,

Pi

in which P1 equals the relative population in numbers of fish of usable
size at the beginning of the year, R equals the recruitment during the
year, M1 equals the catch during the year and P2 equals the relative
population size at the beginning of the second year. The values are
in numbers of fish, and natural mortality has not been considered.
In a stabilized fishery (in which the population is neither increasing
nor decreasing from year to year) P2 = P1. Then R1 = M1.
These conditions rarely exist, for usually P, M1 and R vary from
year to year. However, if recruitment can be stated as a proportion
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of the population at the beginning of the year, the values for P and R
still can be obtained from the data for a single year. This is shown in
the following example:

Yr.
l

2

3

p
1.00
.80
1.20

l.OOP + .50P - 70 = .SOP
.SOP+ l.OOP - 60 = 1.20P

R
.50P
1.00P
. 70P
.60P

C
70
60

= 70 P=100R=50
= 60 P = 100 R = 100

If data are available for two or more years, actual values also can be
obtained for P and R by means of simultaneous equations, even though
the R values are relative rather than in terms of P.
The data needed for these solutions are:
1. An accurate index of the population size (usable fish).
2. An accurate index of the annual recruitment (requiring age
composition in addition to the population index).
3. An accurate record of the total catch in number of fish.
If the relative R and P values could be obtained with a high degree
of accuracy, then the calculated values of Rand P would be very close
to the real values. However, I know of no case where the real accuracy
of Rand P indices has been determined. (In fact there have been few
attempts to measure R or P.) It is possible to obtain the standard
errors of the R and P indices, but these simply represent the consist
ency with which the gear samples the fish population or with which we
sample the gear, but they do not indicate the accuracy with which the
indices represent the population.
Because of the large errors in the calculated values for P and R
caused by relatively small errors in relative P and R, the value of this
method for obtaining real values may be limited. More exploratory
work needs to be done on this subject to determine what degree of
accuracy can be obtained by different methods of computation.
Even though it is not possible to obtain accurate real values for P
and R, the relative values secured from population indices and age
analysis can be used in analyzing the relationship between population
size and recruitment.
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TOTAL STOCK AND SPAWNING STOCK

The relative and actual spawning stocks and immature stocks of
usable size fish can be estimated from the population index using
information on age or size at maturity. The relative value will serve
if actual values cannot be obtained.
DISCUSSION

The preceding argument covers only a few of the factors affecting
recruitment. Usually, numerous subsidiary problems not covered
here also will be involved. For some populations, particularly in the
case of pelagic species, other elements of the environment may be so
influential from year to year as to obscure the over-all influence of
spawning stock, predation, and intraspecific competition. This also
may be true for species which make up a minor part of the fish popula
tion of an area, for the food supply available to such a species will be
heavily influenced by the abundance of competing species. Then
interspecific competition for food may have a paramount influence.
In the calculations described in computations of P and R, natural
mortality also has been ignored, but it will be considered in the exam
ples to be discussed later (p. 250). The foregoing argument also
assumes that the fish population being studied is completely inde
pendent of other populations of the same species. If this is not true,
then the differential migration between this and other populations
must be taken into account.
The various causes of variability in survival may, in particular
cases or years, cause wide deviations from the theoretical relationships
discussed in the preceding argument and in some cases may make
special problems of dominant importance. However, it is doubtful
whether or not one is justified in assuming this to be so until the popu
lation relationships have been worked out at least approximately. In
any event, the management of a fishery usually is possible only through
control of mortality caused by human activities in order to bring
spawning stock and competitive stock into the most productive rela
tionship. Unless these relationships are understood, management is
blind. Furthermore, the effect of other factors on recruitment cannot
be determined unless recruitment itself has been evaluated and the
effect of population relationships removed. Thus it appears essential,
in any study designed to obtain an understanding of the factors con-
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trolling productivity of a stock of fish, that the elements we have dis
cussed should be included among the primary objectives of the in
vestigation.
In the following section of this paper the correlation curve showing
the relationship between adult population size and recruitment will be
derived for an actual fish population and compared to the theoretical
curves developed above.
NEW ENGLAND HADDOCK (AREA XXII SOUTH)
INDEX OF POPULATION SIZE

Special data concerning fishing effort, locality, etc. have been col
lected from the haddock fishery since 1931, and from these catch-per
unit-of-effort has been derived. In addition, extensive collections and
analyses of older records obtained from boat owners, old government
reports and from fishery publications have made it possible to obtain
a comparable, but not an equally reliable, measure of abundance back
to 1914. Less dependable estimates also have been obtained for 1913
and 1912. The effects of major changes in fishing methods, gear and
boats have been evaluated and brought into proper relation, but it is
impossible to determine exactly the comparability of the unit of effort
used over wide intervals of time. Furthermore, as with any abun
dance measure of this kind, it must he remembered that the catch-per
unit-of-effort may not represent the entire population, but rather only
a part, particularly in the early years when the fishery was not inten
sive. However, the haddock population index for Area XXII South
(Georges Bank, South Channel, Nantucket Shoals, etc.) constitutes
one of the longest existing series of reasonably reliable measurements
of the variations in magnitude or availability of a fish population
(Fig. 8, Table III).
Up to the present, the best check on the accuracy with which the
index shows changes in the population is the intrinsic consistency of
the seasonal and annual values obtained. One method for testing
this is available from the calculations used to estimate the total popula
tion of fish of marketable size. The formula used for this purpose is
similar to the one referred to in the first part of this paper (p. 231).
Using pounds instead of numbers of fish, and allowing for natural
mortality:

1948]

Herrington: Fish Populations

251

POPULATION INDEX
FOR
ADULT STOCK DURING WINTER II. SPRt-lG
SCROD DURING SPRING & E:ARI...Y SUMMER

FIGURE 8. Changes in the size (mass) of the population of a·dult haddock and of scrod
haddock (1½ to 2½-lb. fish) in Area XXII South (Georges Bank, South Channel, Nantucket
Shoals). The winter and spring population of adults represents spawning fish, the spring
and early summer population of scrod represents recruitment of 3-year-old fish. The vertical
scale is in terms of hundred-weights of haddock caught per day by a standard group of large
otter trawlers. The 1946 indices are estimated from incomplete data.

where P1 equals the population index at the beginning of the year, P2
the index at the beginning of the next year, R1 the recruitment through
upgrowth of young fish, G1 the increase in weight through growth of
fish present at the year's beginning, M" the reduction in the population
by natural mortality, and M11 the reduction in population through
fishing operations.
From our population index, P2 can be stated as a percentage of P1,
or both can be stated as percentages of the index for some other year.
M1i is equal to the total catch during the year. R1 can be calculated
in terms of P1 from an age analysis of the catch, and G1 can be deter
mined from growth studies and expressed as a percentage of P1 and P2•
From various kinds of indirect evidence M,. has been estimated to lie
between 5 per cent and 20 per cent. For the purpose of obtaining an
inclusive estimate of population size, values of 0, 10 and 20 per cent
have been used.
Estimates of the population at the beginning of 1927 (P1) were
obtained, using data for 1927-1931, years during which recruitment
(R1) was negligible or could be calculated from the scrod catch. It
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ADULT STOCK AND SCROD INDICES FROM CATCH-PER-UNIT-OF-EFFORT
ANALYSIS, AREA XXII SOUTH

Year �Season" indicesf3 of adult stock�
D
Preceding year
(lb.)

1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946

[XI: 4

22,300
22,800
16,700
22,900
26,900
26,000
28,900
33,000
34,000
36,600
29,600
22,000
19,200
28,500
34,100
45,400
39,200
30,400
16,700
9,700
9,400
11,200
9,800
10,300
14,300
12,600
10,600
12,500
11,800
14,000
15,000
16,600
18,100
13,600

,----Season indices of scrod�

Average

A

B

(lb.)

(lb.)

(lb.)

(lb.)

(lb.)

(No.-r)

22,600
21,300
17,500
24,500
26,900
25,000
30,200
35,100
34,600
35,900
26,800
19,500
21,200
30,400
37,700
45,500
36,900
27,000
13,800
8,800
10,700
10,400
9,800
10,800
14,600
11,900
10,800
12,700
12,000
14,600
15,100
16,200
17,900
13,400

22,450
22,050
17,100
23,700
26,900
25,500
29,550
34,050
34,300
36,250
28,200
20,750
20,200
29,450
35,900
45,450
38,050
28,700
15,250
9,250
10,050
10,800
9,800
10,550
14,450
12,250
10,700
12,600
11,900
14,300
15,050
16,400
18,000
13,500
09,600

3,100
3,300
8,600
9,900
13,700
11,200
5,600
0
0
0
3,150
5,550
13,940
6,660
7,930
4,520
1,570
940
470
3,970
2,250
2,200
3,160
4,630
3,490
2,490
3,820
1,830
3,520
4,020
5,410
3,480
1,140

1,600
3,700
6,900
13,100
9,200
4,100
3,400
0
0
0
180
5,290
11,210
9,710
7,890
2,580
870
870
1,140
4,300
2,200
2,170
3,470
6,490
4,830
4,250
5,370
5,470
5,480
7,840
7,240
2,120
1,290

2,400
3,500
7,800
11,500
11,400
7,600
4,500
0
0
0
1,660
5,420
12,580
8,180
7,910
3,550
1,220
900
800
4,140
2,220
2,180
3,310
5,560
4,160
3,370
4,600
3,650
4,500
5,930
6,320
2,800
1,220

1,200
1,750
3,900
5,750
5,700
3,800
2,250
0
0
0
830
2,710
6,290
4,100
3,960
1,780
610
450
400
2,070
1,110
1,090
1,650
2,780
2,080
1,680
2,300
1,820
2,250
2,960
3,160
1,400
610
0860

A

Average

T
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ESTIMATES Of"
GEORGES BANK HADDOCK POPULATION IN 1927

eoor---------------------:c
C/1

�600t-----------------------

�

C/1
z

Q 400 ,_________

0

1922

1923

1927

1930

POPULATION INDEX FROM WHICH CALCULATED

FIGURE 9. Estimates of the number of haddock in Area XXII South at the beginning of
1927. The estimates were obtained from the relationship between changes in the population
index, the commercial catch and other data for the years shown along the horizontal axis.
An annual natural mortaUty of 15 per cent was assumed.

will be possible to extend the calculations to other years when age
analysis of the catch has been completed. Fig. 9 shows the values
obtained, using a natural mortality of 15 per cent.
If the population index accurately represented the year-to-year
changes in the total haddock population of commercial size fish in the
area, then the calculated values of P1 would be much the same or would
References to Table III on page 252

a The year was divided into four seasons: A, Feb.-Apr.; B, May-July; C, Aug.
Oct.; and D, Nov.-Jan.
fJ The indices for the four seasons, A, B, C, D, were smoothed by a moving average
of 4, then of 2, to reduce amount of variability caused by seasonal short-term factors.
The Season D and A indices for adult stock used in this table are from smoothed
figures. Scrod indices are unsmoothed.
'Y Weight divided by 2, since scrod average about 2 pounds each.
0 Preliminary estimate based on decline in Season C. The boats used in this
study were tied up during all of Season A and most of Season B.
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fluctuate around an average value, regardless of the years from which
they were calculated. Actually, the values obtained differ consider
ably, particularly those calculated from 1930 and 1931 data. The
explanation lies in the fact that the fishery was not sampling the
entire population in 1921-1929; furthermore, the expansion of opera
tions in 1930 and 1931, stimulated by declines in prices and decrease in
the daily catches of haddock, resulted in improvement of fishing
methods greater than we were able to measure and bring into adjust
ment and in the inclusion of sections of rough bottom and new elements
of the population not previously fished. Therefore, the index values
in 1930 and 1931 did not decline as much as did the population itself,
and this resulted in abnormally high calculated values for the popula
tion size in the base year (1927) when obtained from these data.
Analysis of other data relating to the distribution of fishing operations,
changes in gear, etc., support this explanation.
These abnormally high calculated values for population size were
based upon data for years during which extreme scarcity of haddock
exerted the maximum stimulus for improvements in gear and expan
sion of the area fished. Much more stable values can be expected
from data for years when this stimulus was lacking.
The relatively consistent values obtained from the 1923, 1927, 1928
and 1929 data, using natural mortality rates of 10 and 15 per cent,
suggest that these figures may provide the best estimate of the actual
population size. The average of the calculated population values,
using 10 per cent mortality, was about 325 million fish, and the average
of the values, using 15 per cent mortality, was about 400 million fish.
Some further information on the reasonableness of these estimates
can be obtained by other calculations.
From data on population size, mortality and catch, it is possible to
calculate the decrease in the 1927 stock of fish during 1927-1931.
Recruitment in 1928 and 1929 was very small and that in 1930 and
1931 can be evaluated from the scrod index. The average annual
weight of haddock surviving from the 1927 stock can be estimated as
increasing from 2.2 pounds at the beginning of 1927 to 4.9 pounds at
the beginning of 1931. This is based upon the fact that there was a
heavy recruitment of scrod in 1925-1927, so that the stock at the
beginning of 1927 must have averaged about four years old. The age
of this stock would have increased to eight years at the beginning of
1931. Age-weight data for Georges Bank haddock collected in 1936

r
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give the weight of haddock for these ages (Table IV). The average
ages and weights for the haddock taken during these years would be
intermediate between the weight given. The 3.3-pound average for
1928 checks very well with the 3.4-pound average obtained from length
frequency samples taken in 1928.
TABLE IV. DATA ON AGE, WEIGHT, AND COMMERCIAL CATCH FOR THE 1927
STOCK OF HADDOCK IN AREA XXII SOUTH (GEORGES BANK)

Year

1927
1928
1929
1930
1931
1932

-Age 1927 stock"�
Beginning Mid-year
year

-Average weightfi� --Commercial catch"f�
Beginning Mid-year
year

(yr.)

(yr.)

(lb.)

(lb.)

(lb. in
millions)

4.0
5.0
6.0
7.0
8.0
9.0

4.5
5.5
6.5
7.5
8.5
9.5

2.2
2.9
3.6
4.3
4.9
5.5

2.6
3.3
4.0
4.6
5.2
5.8

143
191
223
175
94

(No. in
millions)
55
58
56
38
18

"Estimated from consideration of recruitment magnitude in 1925-1931.
fJ From age-weight curve for haddock sampled in 1936. Midyear average for
1928 checks against size samples for that year.
"r Scrod landings in 1930 and 1931 not included; considered new recruitment.

By using the above figures for average weight the commercial
catches in 1927-1931 can be converted from pounds to numbers of
fish (Table IV).
Now, if it is assumed that the total population of haddock of com
mercial size was 400 million at the beginning of 1927, and we subtract
from this the natural mortality (15%) plus the commercial catch, an
estimate of the population at the beginning of 1928 will be obtained.
This can be done successively for the remaining years and gives a
series of population figures which can be converted to an index with
1927 as the base (Table V).
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V. DECREASE IN THE 1927 HADDOCK STOCK, ASSUMING (1) AN ORIGINAL
STOCK OF 325 MILLION FlsH WITH 10 PER CENT NATURAL MORTALITY
ANNUALLY AND (2) 400 MILLION FISH WITH 15 PER CENT
NATURAL MORTALITY

Year

1927
1928

1929
1930
1931
1932

Year

1927
1928
1929
1930
1931
1932

Total stock

Natural
mortality

Fishing
mortality

Total
mortality

Ratio to

(millions)

(millions)

(millions)

(millions)

(%)

325
238
156
84
40
18

1927

4

55
58
56
38
18

Total stock

Natural
mortality

Fishing
mortality

Total
mortality

Ratio to

(millions)

(millions)

(millions)

(millions)

(%)

400
285
184
100
47
22

32
24
16

8

60

43

28
15

7

55
58
56
38

18

87
82
72
44

22

115

101

84

53
25

100
73

48
26
12
6
1927

100
71

46
25
12
6

Calculations similar to the above can be carried out using an original
stock of 325 million haddock and a natural mortality of 10 per cent.
The index curve obtained is practically the same as that derived from
the use of a 400-million original stock and a 15 per cent mortality rate.
The population indices calculated from the 400- and 325-million
bases are compared (Fig. 10) to the indices obtained from the catch
per-unit-of-effort analysis. The latter have been converted to num
bers of fish (Table VI).
The two series of indices show a similar trend, but the catch analysis
series appears to be considerably too low, particularly in 1930. The
two series again approach each other in 1931 and 1932. This relation
ship of the calculated and catch analysis index curves agrees with ob
served conditions. From 1927 to the beginning of 1930 the fishing
fleet was not exploiting the entire population. Therefore, the heavily
fished portion was reduced to a greater extent than the population as a
whole. In 1930 and 1931 fishing operations were expanded to include
most of the additional area of the bank. Thus, during these years the
catch analysis index did not drop as much as did the population itself.
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FIGURE 10. Decline in the 1927 haddock stock shown by two methods. (1) Using a
calculated initial stock of 400 million fish, annual catch and natural mortality were subtracted
to obtain the surviving stock in successive years. (2) The population index obtained from
catch-per-unit-of-efl'ort analysis was converted to numbers and adjusted to 1927 as a base.
See Tables V and VI.

If values below 325 million are used for the original stock, a natural
mortality of less than 10 per cent must be assumed to avoid negative
values for the stock at the beginning of 1932. On the other hand, if
values above 400 million are used, a natural mortality of more than 15
per cent must be assumed to avoid values for the 1932 stock which are
much in excess of that indicated by the catch analysis data. There
fore, it seems very probable that the actual population of marketable
fish at the beginning of 1927 was between 325 and 400 million fish, and
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TABLE VI. DECREASE IN THE 1927 HADDOCK STOCK, AS SHOWN BY THE
CATCH-PER-UNIT-OF-EFFORT ANALYSIS FOR SEASON D (Nov., DEc., JAN.)
1926-1931 AND SEASON A (FEB., MAR., APR.) 1927-1932

,--------------ceason D·-----------�
Total haddock
Total
Year
Ratio to
Scrod
adjusted for
1926
haddock
haddock
recruitment a
1926
1927
1928
1929
1930
1931

(lb.)
29,400
24,600
18,300
8,700
4,900
6,500

(lb .)
5,200
2,600
1,100
500
200
3,200

(lb.)
29,400
24,600
18,300
8,200
4,700
3,300

(No.)
13,400
8,500
5,100
1,910
960
600

�---------Sea son A----------�
: Year

1927
1928
1929
1930
1931
1932

Total
haddock
(lb.)
57,000
45,300
33,400
16,600
11,500
11,900

Scrod
haddock
(lb.)
7,900
4,500
1,600
900
500
4,000

Total haddock
adjusted for
recruitmentfi
(lb.)
57,000
45,300
33,400
15,700
11,000
7,900

(No.)
25,900
15,600
9,300
3,650
2,250
1,440

(%}

100.0
63.4
38.1
14.3
7.2
4.5

A11erage

Ratio to
1927

(%)

100.0
60.2
35.9
14.1
8.7
5.6

(%)
100.0
61.8
37.0
14.2
8.0
5.0

a The 2,600 pounds of scrod in 1927 and 1,100 pounds in 1928 were considered to
be fish from the 1926 recruitment which had not yet grown beyond scrod size. The
scrod in the following years must have come from new recruitment, since the time
interval was too great for carry-over from the 1926 scrod.
fJ The 4,500 pounds of scrod in 1927 and 1,600 pounds in 1928 were considered to
be fish from the 1926 recruitment which had not yet grown beyond scrod size. The
scrod in the following years must have come from new recruitments, since the time
interval was too great for carry-over from the 1926 scrod.

that the average mortality during the following years averaged be
tween 10 and 15 per cent.
These calculations must be considered only as preliminary explora
tions of the possibilities of estimating the representativeness of popula
tion indices. If the sensitivity of the methods is sufficient, they may
provide a means, under some conditions at least, for measuring the
bias in the index arising from such factors as changes in the efficiency of
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fishing methods, crews' skill, shortcomings in methods of sampling the
entire population, and the effect of schooling habits of the fish.
This examination of some of the characteristics of the haddock
population index indicates that the annual indices probably are rela
tively accurate indicators of population changes. However, when the
fishery is drawing upon only part of the population, the indices will be
somewhat too low.
RECRUITMENT AND SPAWNING STOCK

Studies of age, growth and maturity have shown that the scrod
catch for the haddock population found on Georges Bank and South
Channel (Area XXII So.) during the spring and early summer (Feb.
to April and May to July) is made up mostly of three-year-old fish,
with most three-year-old fish mature. Some four-year-olds are in
cluded, particularly when the four-year-old year-class is very large,
and some two-year-olds are occasionally included, notably in 1941.
However, in general the spring and early summer population index for
scrod represents the abundance or availabliity of three-year-old
haddock.
The data on relative abundance and size give relative estimates of
(1) the annual recruitment (scrod index during the spring and early
summer), (2) the spawning stock (index for large plus scrod during the
winter and spring), and (3) the total usable stock (index for large and
scrod during any season of the year).
By plotting the recruitment index for each year against the index for
the spawning stock which produced the year-class of which it was con
posed, the relationship between spawning stock and recruitment is
obtained (Fig. 11). Data for 1912 and 1913 were not used because of
their lesser reliability.
By plotting the recruitment index against the index for the popula
tion on the grounds, when that recruitment year-class was one year old,
two years old, or some other age, the relationship is obtained between
the number surviving to usable size and the number of adults com
peting with them when they were yearlings or of some other given age
(Fig. 12). Analysis by this method showed that recruitment at the
higher competitive stock levels was inversely related to the competi
tive stock size when that recruitment year-class was about one year
old. The negative correlations with the stocks at other ages of the
recruitment year-class were lower. This relationship, and the distri-
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FIGURE 11. Correlation between the adult stock (spawning stock) and recruitment of
young to the commercial stock three years later. Spawning stock is represented by adult
population indices duriug the winter and following spring in terms of thousands of pounds
per day's fishing. Recruitment is represented by scrod indices during spring and early sum
mer in terms of thousands of fish-per-day.
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FrouRE 12. Correlation between the winter adult stock (competitive stock) and recruit
ment of young two years later. Winter competitive stock is represented by adult stock
indices during winter and spring. Recruitment is represented by scrod indices during spring
and early summer. Units are the same as in Fig. 11.
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bution of the adults in relation to the nursery grounds, indicate that
the most critical competition comes during the winter when the young
are 8-10 months old. Probably this is the season when the production
of bottom food is at a minimum.
If our preceding argument is sound, then we are justified in con
cluding that in the left-hand part of the correlation chart, where the
average recruitment trend is rising, the effect of increasing spawning
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FIGURE 13. Correlation between adult stock and recruitment during 1914-1940. Re
cruitment was plotted against the spawning (3-yP.ar lag) when the adult stock index was
less than 20 thousand pounds per day and against competitive stock (2-year lag) when the
adult stock index was more than 20 thousand pounds per day. The units used are the same
as in Figs. 11 and 12. The curve was fitted by eye.

stock is dominant; while in the right-hand part of the chart, where the
recruitment trend is declining, the competition with the adult stock is
dominant. As a first approximation we can therefore combine the
left-hand section of Fig. 11 and the right-hand section of Fig. 12, and
obtain Fig. 13, which expresses the correlation between recruitment
magnitude and spawning stock or competitive adult stock.
Deviations from the average correlation line shown in Fig. 13 can
arise from a multiplicity of causes, including errors in our data and
the effect of various environmental factors, such as temperature,
currents, etc., which vary from year to year.
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It will be noted that the shape of the curve fitting these data (Fig.
13) closely approximates the theoretical curve shown in Fig. 4. This
suggests, for species having characteristics similar to haddock, that
the theoretical interpretations of mortality relationships in the first
section of this paper are reasonably correct.
CORRELATION IN RECENT YEARS BETWEEN RECRUITMENT AND
ADULT STOCK

The wide variations in recruitment in the early years of the fishery
(1914-1930), and the consistently fair-to-good recruitment during the
1930's, are explained by the correlation with the adult stock shown in
Fig. 13. This correlation led us to expect improved recruitments
from the increasing adult stock in 1941, 1942, 1943 and 1944. In
stead, recent work has shown that the 1941-1943, and possibly the
1944, year-classes were very poor. For a number of reasons discussed
in a recent paper (Herrington, 1946), it seems possible that the amount
of haddock food in the Georges Bank area might have been affected by
intensive otter trawling with the heavy gear which came into use in
1929-1931. In order to examine this possibility, the adult stock and
recruitment data for the years since 1931 have been plotted (Fig. 14).
It will be noted that data for 1931-1940 were used in the correlation
charts for both the early and more recent years (Figs. 13, 14). This
will be discussed later.
The rough curve fitted by eye for the Fig. 14 data has about the same
shape as the one shown in Fig. 13. The left-hand section, showing the
relationship at the lower adult stock levels, is similar to the left-hand
section of the Fig. 13 curve, but the mode comes at about the adult
stock 13 index, instead of at 23. By referring back to Figs. 6 and 7,
it will be seen that this shift in the position of the mode toward a
smaller adult population is similar to that which was caused by de
creased supplies of food in the theoretical case considered on page 241.
Decrease in food supply, therefore, is the most probable explanation
for the shift in the mode of the recruitment curve for recent years.
The use of 1931-1940 data in both correlation charts does not
measurably bias the comparisons, for the adult populations in these
years were below the level at which the intraspecific mortality rates
were greatly increased, even under recent conditions. The calcula
tions illustrated in Fig. 7 indicate that changes in food supply do not
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FxeunE 14. Correlation between adult stock and recruitment during 1931-1946. Re
cruitment was plotted against the spawning (3-year lag) when the adult stock index was less
than 13 thousand pounds per day and against the competitive stock (2-year lag) when the
adult stock index was more than 13 thousand pounds per day, The open circles represent
adjusted values for 1941 when abnormal quantities of baby haddock (2-year fish) were mar
keted, These amounted to 10 per cent of total haddock in 1940D, 10.5 per cent In 1941A,
and 5 per cent in 1941B. The curve was fitted by eye.

affect recruitment materially until the stock approaches the level at
which most of the food supply is utilized.
On the basis of the relationships discussed on page 241 and illustrated
in Fig. 7, it is also possible to draw tentative conclusions about the
types of food which had declined in abundance. In the discussion it
was shown that in order to considerably shift the mode of the recruit
ment curve toward a lower adult population level the supply of food
for the older fish must decrease. Thus, the shift shown from the con
ditions illustrated in Fig. 13 to recent conditions illustrated in Fig. 14
indicates that food for the older haddock (probably 1 + year-classes)
had decreased by perhaps 40 to 50 per cent. However, this shift
provides no information concerning changes in food for the juveniles.
OTHER EVIDENCE BEARING UPON THESE INTERPRETATIONS

Several projects are under way to check the validity of the foregoing
interpretation of the haddock data. These include work on distribu
tion of adults and juveniles on the fishing grounds, growth, and studies
of the total production of all species by years and subareas.
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Geographical Distribution of Adults and Young. The low recruit
ment at high adult population levels has been interpreted as resulting
from high mortality of the young when the adults overrun the nursery
grounds and compete with them for food. This is based on the tenta
tive conclusion that the adults prefer areas separate from the nursery
grounds, but that at high population levels they are forced to spread
87'

flSHING CONCENTRATIONS
1927'-SEASON D
te(,Di.C.11127& JAlt 192 II

10

ee·

FIGURE 15. Fishing concentrations on Georges Bank and South Channel in the winter of
(Nov.-Jan.). Obtained from fishing locations of the Portland Trawling Company
fleet.
1927-1928

out in the search for food. Such spreading is greatest during the
winter months.
Failure of recruitment from the 1941-1943 year-classes has been
interpreted to be the result of competition with the adults. If this is
true, then the distribution of adults in the winters of 1942-1944 should
be comparable to the distributions in 1926--1928 and should be more
extended toward the nursery grounds than distributions during 19311940.
The actual distribution of adult haddock in the three periods indi-
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FrnuRE 16. Fishing concentrations on Georges Bank and South Channel ln the winters
of 1927-1928 and 1942-1944, in relation to the nursery grounds. Concentrations include all
areas in which fishing intensity was 0.5 per cent per-unit-area or over. Black rectangles
show locations where one-year-old haddock were taken during young-fish surveys; using
special small-meshed trawls. Length of rectangles represents relative number of young
haddock ta.ken per hour's trawling.

cated has been examined through an analysis of the distribution of the
fishing fleet during those years. It has been demonstrated time and
again that in an intensively fished area no large concentration of a
sought-after species long escapes the attention of the :fishermen.
Consequently, the distribution of the fishing fleet is a reasonably good
indicator of the distribution of the principal bodies of fish, insofar as
:fishable bottom is concerned.
Records of the Portland Trawling Company, covering daily radio
reports from their large fleet of trawlers which operated in 1927-1931,
provide data for the early period. These reports included the daily
positions of the trawlers and the amounts of fish caught. The number
of days the fleet fished in each unit area (IO-minute rectangles) was
plotted, and the numbers were converted to percentages of the total
amount of fishing during that month or season. Contour lines then
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FIGURE 17. Fishing concentrations on Georges Bank and South Channel in the springs
of 1928 and 1943-1944, in relation to the nursery grounds. The northeastern edge of the bank
was not fished in 1928 because of the rough bottom. In 1930 and 1931 gear was developed
which could fish such areas.

were drawn through points of equal fishing intensity. These contours
are shown in Fig. 15 for Season D (Nov.-Jan.) 1927-1928.
In 1931-1946 similar information on fishing concentrations is
available from data on fishing locations and time fished, these data
being obtained from interviews of captains or mates of all boats fishing
out of Boston. These have been analyzed in a similar manner for
November, December and January, 1936-1937, 1939-1940 and 19421944, and for February, March and April, 1937, 1940 and 1943-1944.
The distribution of fishing, as indicated by the area within the 0.5
per cent fishing intensity contour, is shown in Figs. 16 and 17 for the
winter and spring seasons (Nov.-Jan. and Feb.-March) of 1927-1928
and for the average of the winter and spring seasons of 1942-1943 and
1943-1944. The average distributions for the winter aud spring
seasons of 1935-1936 and 1939-1940 are shown in Figs. 17 and 18.
It will be seen that the distributions in 1927-1928 and 1942-1944 are
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FIGURE 18. Fishing concentrations on Georges Bank and South Channel in the winters of
1936--1937 and 1939-1940, in relation to the nursery grounds.

similar, except that the 1927-1928 distributions do not cover as much
of the northeastern section of the bank. In those years the north
eastern section could not be fished with the kind of gear then in use
because of the roughness of the bottom. Judging from the quantities
of haddock found in this area in later years when more rugged gear
was used, it is reasonable to assume that haddock were concentrated
in this area during 1927-1928, as well as in the area fished by the fleet.
Thus, the distributions of adult haddock during the winters and springs
of recent years (1942-1944), which produced poor recruitments, was
very similar to the distributions in 1927-1928, which also produced
poor recruitments. In contrast to this, the distributions of haddock
in the winters of 1935-1936 and 1939-1940 were more northerly and
did not extend as far toward the eastern edge of the bank.
The locations and relative quantities of one-year-old haddock taken
in the course of survey trips on the "Atlantis" in the springs of 1935
and 1936 also are shown in Figs. 16 to 19. Special small-meshed
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FIGURE 19.
1937 and 1940,

Fi,shing concentration on Georges Bank and South Channel in the springs of
in relation to the nursery grounds.

trawls were used, and tows were made at a grid work of stations cover
ing Georges Bank, South Channel and Nantucket Shoals. Incidental
sampling at other seasons and records from the fishing fleet indicate
that small haddock are concentrated principally in these general areas
until their second and third years, when they move farther in on the
bank and probably increase the range of their movements.
Figs. 16 to 19 show that a much larger proportion of the nursery
grounds was overrun by the adults in years which produced low re
cruitments (1927-1928 and 1942-1944) than in years which produced
fair to good recruitments (1935--1936 and 1939-1940). This is in
agreement with the predicted distributions, and helps to confirm the
conclusion that reduced recruitments from 1941-1943 year-classes
were caused by intraspecific competition for food.
Growth. The spreading of the adult haddock over the nursery
grounds in years when the population level was high has been explained
on the basis of population pressure resulting from intraspecific com-
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petition for food. If this is so, then the competition for food in 19421944 must have been comparable to that in 1926-1928 and much more
intense than in 1931-1940.
The intensity of intraspecific competition for food should be more
or less inversely proportional to the amount of food per fish. There
fore, the amount of food per fish should be relatively less during years
when the adults spread over the nursery grounds (1926-1928 and
1942-1944) than during years when they do not spread so extensively
(1931-1940). Growth studies of haddock collected in 1930-1935
have shown that, following the drastic reduction in the population
level from 1927-1931, the growth rate increased considerably. Pre
sumably this was caused by a greater amount of food per fish when
the population was reduced. Therefore, it seems safe to assume that
changes in the amount of growth reflect to some extent the relative
amount of food per fish.
From these relationships it can be reasoned that the growth of
haddock during 1931-1940 should have been considerably greater than
growth during 1926-1928 and 1942-1944.
Work on the age composition and growth of the haddock stocks,
being carried on by Howard Schuck of the North Atlantic staff, has
been extended to include the study of growth during the several years
mentioned above. A complete discussion of the work will be covered
in a later report, but preliminary results now are available. These
show that growth of group I haddock (second season's growth) in 1942,
1943 and 1944 (years when recruitment was very poor) averaged 13.3
cm. Average growth of group I haddock in the years 1931-1940 (years
when recruitment averaged "good") was 14.5 cm. Average growth of
group I haddock in 1926-1928 (years when recruitment was very poor)
was 11.6 cm. The last average may be somewhat too low, for it was
based upon two-year-old fish collected by the radio operator of a com
mercial trawler. The samples were obtained from culled haddock
and there may have been some bias toward small fish.
Differences similar to those for group I fish were found in the growth
of group II fish, while the differences for group O fish were not signi
ficant.
These results are in line with our previous reasoning. Decreased
growth of group I and group II haddock, indicating a shortage of food
for these sizes, was found for those years when our interpretation
indicated that recruitment was reduced by food competition between
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adults and juveniles. The lack of considerable differences in the
growth of group O haddock may indicate that food for the juveniles was
not a limiting factor in any of these years. This is in line with the
theoretical conclusion that shift in the recruitment mode toward a
lower population level results from reduction in food for the older fish
rather than in food for the juveniles.
SHORTAGE OF HADDOCK FooD IN RECENT YEARS

Considerable evidence has been presented in the preceding sections
of this report which strongly indicates that the poor recruitment from
the 1941-1943 year-classes resulted from a reduction in the supply of
food available to adult haddock. The cause of this shortage has not
been discussed.
Possibly the first explanation which will occur to the student of
animal populations, to account for the indicated decrease in haddock
food, is interspecific competition for food. It will be recalled that
mortality from this cause was not considered in the theoretical dis
cussion in the first section of this paper (p. 232). Competition of this
type causes a reduction in the food supply, and therefore it will affect
the haddock population in the same way as would a reduction in food
from any other cause.
Following this line of reasoning, the indicated decrease in the had
dock food supply might be explained as follows. The decrease in the
haddock stocks from 1927-1931 released large quantities of food.
The numbers of other species which could use this food would therefore
increase. The amount of food available to haddock in later years
would be decreased by the competition from these expanded popula
tions, which in turn would prevent rapid recovery of the haddock
population to its previous level. If this explanation is valid, then
competing species must have increased more or less in proportion to
the decrease in haddock.
Nearly all of the bottom fish taken on Georges Bank are captured
by otter trawls. This type of gear is nonselective in regard to most
species and sizes of fish, for it sweeps over the bottom taking all objects
in its path which are not too small to sift through the mesh, not too
active to be caught, or not too solidly secured to the bottom to be torn
loose. Therefore, the otter-trawl catch provides a reasonably good
index of the kinds and relative quantities of fish on the bottom. The
catches of commercial species other than haddock have been analyzed
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to obtain the catch-per-unit-of-effort, using the same methods applied
to haddock data. These records show that the landings of these
species averaged about 5,000 pounds per day for 1926-1928, compared
to about 7,900 pounds per day for 1941-1943 (Table VII). This
increase is not great and may reflect the increased marketability of
these species more than an increase in their populations.
TABLE VII. CATCH PER DAY OF HADDOCK AND OF ALL OTHER MARKETED
SPECIES FOR CERTAIN YEARS, AREA XXII SOUTH
Year

Total
haddock ..

Miscellaneous
fish

Total
fishfJ

4,400
5,140
5,620

(lb.)
45,690
48,920
40,080

119,530
39,843

15,160
5,053

134,690
44,897

1929
1930
1931

22,370
11,520
9,120

6,170
6,340
4,540

28,540
17,860
13,660

Total
Average

43,010
14,340

17,050
5,680

60,060
20,020

1941
1942
1943

15,460
16,500
16,250

8,100
7,700
7,800

23,600
24,200
24,000

Total
Average

48,210
16,070

23,600
7,900

71,800
23,970

-23,773

+2,847

-20,927

1926
1927
1928

(lb.)
41,290
43,780
34,460

Total
Average

Change
1926-28
to
1941-43

(lb.)

Ratio:
total haddock
to total fish"I

(%)

65.6
68.3
67.6

a. From haddock population index.
fJ Data for 1926-1931 from population index calculated for haddock and other
species. Data for 1941-1942 calculated from haddock index and ratio of haddock
to total marketed fish.
"I Percentages obtained from landings by all large otter trawlers.
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In addition to the fish caught and marketed, the otter trawls catch
many species and sizes which are not saved for market. These are
termed "trash." No continuous records of the quantities of trash fish
caught are available, but in the course of numerous field trips on otter
trawlers in 1931 and 1932 members of the North Atlantic research
staff obtained records of the quantities of trash fish caught on many
trips to Georges Bank. More recent data on trash fish (Herrington,
Rounsefell and Perlmutter, 1942) are available from records made by
members of the crew of a large trawler for six months of 1940 and 1941
(Table VIII). The differences between the quantities reported in
TABLE

Year

VIII.

CHANGES IN THE RELATIVE ABUNDANCE OF
"TRASH FISH" FOR CERTAIN YEARS"

Total
haddock

Ratio
trash to
haddock

Trash
fish

(lb.)

(%)

(lb.)

1931
1932
Average

9,120
11,570

1940
1941
Average

12,590
15,460

35
35

3,200
4,000
3,600

58
58

7,300
9,000
8,150

Change
1931-32
to
194G-41

+4,550

"' Data from Herrington, Rounsefell and Perlmutter (1942).

1931-1932 and 1940-1941 correspond to an increase in the average
catch-per-day of about 4,500 pounds.
These two sets of records provide a poor basis for estimating the
changes in abundance of "trash" species during the years when food
for adult haddock became less available. However, if we accept them
as the most probable figures and add to them the increases indicated
for miscellaneous market fish, an increase of 7,400 pounds per day is
obtained. Since the decrease in the average haddock catch-per-day
between 1926-1928 and 1941-1943 was 23,770 pounds, the increase in
miscellaneous market species and trash would compensate for only
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about one-third of it, even though we assumed that all of these species
were direct competitors for food with haddock. It does not appear,
therefore, that interspecific competition for food can account for the
indicated reduction in the amount of food available for adult haddock.
TOTAL CATCH OF ALL GROUNDFISH

The final measure of the productivity of an area is the total amount
of fish which can be removed annually over a long period of years.
Data of this kind are not available from the published records except
for recent years. Data for earlier years are being assembled from Fish
and Wildlife Service records and from records of trawler operators.
These compilations have been completed for the years of greatest
landings, 1928-1930, and compared to the three recent years with the
highest production, 1940-1942.
During the last ten years fisheries have developed for two important
species which are caught in the Georges Bank area. Rosefish have
been taken in large quantities in South Channel. Yellowta,il flounders
are taken chiefly in the area around Nantucket Lightship and south of
Massachusetts. Both species are found mostly in areas (or on bottom)
not much frequented by haddock. Production from these areas has
been included in the Georges Bank production figures.
The average production of haddock in 1928-1930 was almost 100
per cent greater than the 1940-1942 average. The production of all
groundfish in 1928-1930 was about 30 per cent greater than in 19401942, in spite of the addition of rosefish and yellowtail flounders to the
catch in recent years.
Pelagic fish such as mackerel and swordfish have not been included
in these figures, for they are present in the area for only brief periods
and most of their growth must be acquired elsewhere. Therefore, they
should not be an important factor in the Georges Bank balance of
fish and fish food.
These data indicate that the total productivity of the Georges Bank
area has been considerably less in recent years than in the past. The
decline in production of haddock has not been compensated for by
increased production of other species.
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POPULATION CYCLES
The information now available on growth, mortality rates, distribu
tion and fishing intensity largely accounts for the cyclic or semicyclic
changes in the Georges Bank haddock population during the years
covered by the population index (Fig. 8). As indicated by this analy
sis, the population changes and their causes were as follows. The
cyclic changes between 1912 and 1931 resulted from the varying com
petition, related to population size, between adult and juvenile had
dock, and from the two- and three-year lag between changes in compe
tition and recruitment to the adult stock. The accelerated and
extreme decline from 1927-1931 was caused by coincidence of depressed
recruitment and greatly-increased fishing intensity. The protracted
partial depression in recruitment from 1930--1940 resulted chiefly from
a suboptimal spawning stock which gradually recovered from the
extreme low point reached in 1931. Severe depression of recruitment
in 1944-1946 resulted from increased competition between the adults
and juveniles similar to that in 1918-1922 and in 1926-1928, but at a
lower population level, probably because of decreased food supplies.
Under virgin conditions with no fishery, it is probable that the popu
lation changes would be similar to those in 1912-1927, but with the
cycle stretched out another year or two. During these years the
mortality from fishing was relatively minor, for the catch and fishing
intensity were much less than in recent years (Herrington, 1944).
The greatly increased fishing intensity since 1927 reduced the competi
tive stock and eliminated the downward phase of the cycle until 1942.
Then a moderate increase in the adult population resulting from de
creased wartime fishing, and a presumable decrease in haddock food,
again set in operation biological interactions of the type which caused
the declines in 1921-1924 and 1927-1931.
If cyclical forces outside of the haddock population itself have been
factors in the situation, it appears that they have not had a major
influence in determining the range of variation in the population or its
average level in recent years. Characteristics of the haddock's life
history and of the commercial fishery have been the controlling factors
in determining changes in population level, with the supply of food
available to haddock setting the over-all ceiling.
It is possible that there may be some basic cycle which affects the
supply of haddock food. The negligible recruitment of young haddock
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to the adult stock in certain years, as shown by the scrod index in Fig.
8, has been explained as resulting from unusually intense competition
for food two years earlier. This indicates that such competition
occurred in 1910-1912, 1918-1921, 1926-1928, and 1942-1945. There
also is the suggestion of a slight depression in the rising recruitment
trend in 1937-1940, which might be the result of increased competition
in 1935-1938.
Let us assume a seven- to nine-year cycle in the food supply for
haddock above juvenile sizes. Then the low years in the food cycle
would about coincide with the peak years for ussble population
because of the lag between. spawning and recruitment and that between
intra-year-class competition and recruitment. Thus, the minima in
the food cycle would have occurred around 1910-1912, 1918-1921,
1926-1929, 1935-1938, and 1942-1945. The approximate coincidence
of peak periods of adult haddock abundance with food supply minima
would cause an even more intense competition for food during these
years than would occur with a more uniform food supply. Under this
interpretation, the decrease in food during 1935-1938 did not cause
intensive competition and a resulting high mortality of young, since
the population had not recovered to the level at which food supply was
the limiting factor. The decrease in recruitment in 1944-1946, indi
cating intense competition for food in 1942-1944, would require a
decline in food during those years, whether cyclic or not, to a level
considerably below the 1910-1912, 1918-1921 and 1926-1929 minima.
The principal effect of a food cycle would be to determine the length
of the haddock population cycle during years when the adult stock
increased beyond the optimum level in relation to food supply. The
changes in the adult population level still would be caused by intra
specific competition of the types discussed, and the lowered level for
optimum adult stock in 1942-1945 would require a much lower food
level than that prevailing in 1918-1921 and 1926-1929. Thus, it
does not appear that the conclusions concerning the factors affecting
recruitment would be changed materially by the presence of food
cycles. However, the latter would provide a possible explanation
for the reported scarcity of haddock on the Nova Scotian banks in
1930-1932 and in 1945-1946 and for the regular spacing of haddock
recruitment minima.
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RECRUITMENT-USABLE STOCK CORRELATIONS FOR
OTHER SPECIES
In an early section of this paper (p. 232) it was mentioned that the
theories developed in respect to the factors determining recruitment
magnitude applied particularly for species with life histories similar to
Georges Bank haddock. Some data are available which suggest that
these theories may be more generally applicable.
Productionnfigures for North Sea haddock before, during and after
World War I suggest a relationship between the magnitude of the
usable stock and recruitment which is similar to that found for Georges
Bank.
The interpretation of the North Sea data would be as follows. The
accumulation of older fish during the war caused increased intraspecific
competition which reduced the survival of young. Consequently, the
postwar catches, after a temporary increase, dropped below the pre
war level as soon as the accumulated stock had been caught up and the
reduced survival of young had caused a decline in recruitment. The
succeeding increases and decreases in the annual landings might also
have some relationship to spawning stock and competitive stock.
Indices for catch-per-boat-week for California sardines covering
1932-1942 (Silliman and Clark, 1945) (Table VII) show some inter
esting relationships not dissimilar in some respects to those obtained
for the population index for haddock. For a fish population as in
tensively exploited as the California sardine, it seems reasonable to
assume that the annual average catch-per-boat-week is influenced
considerably by recruitment. A relatively low catch indicates that
recruitment was poor, while a relatively high catch indicates that
recruitment was good. Since the sardine reaches commercial size in
about three years, it is possible, by plotting the catch-per-boat-week
for one year against the catch three years following, to obtain an ap
proximate correlation between the relative stock and recruitment.
When this is done with the sardine data for 1932-1942 a correlation
curve is obtained with a shape somewhat similar to that for haddock.
Recruitment during these years should show a considerably greater
variation than catch-per-boat-week, which is influenced by the sur
vivors from the previous year. In the years with the lowest catch-per
boat-week, recruitment probably would be very small. If this is the
case, use of relative recruitment instead of catch-per-boat-week would
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yield a correlation curve even more closely resembling that obtained
for haddock.
It may be that the similarity between the correlation curves for the
two species is purely coincidental or the catch-per-boat-week indices
may not provide even approximate measures of the relative stock and
recruitment. However, the results suggest that a more detailed
analysis of this kind might be fruitful.
Data for a number of other species and fisheries have been noted
which appear to have a somewhat similar relationship between usable
stock and recruitment. The great increase in the Maine lobster catch
between 1939 and 1945 so far has been explainable only on the basis of
changes in the spawning stock and competitive stock during previous
years. The results of this study of the lobster fishery will be reported
in the near future.
In the above discussion, similarities have been indicated in the
relationship between usable stock and recruitment for a number of
species of fish. If further work shows that these similarities are real,
it may indicate that the types of inter- and intraspecific mortalities
discussed in the first part of this paper are rather generally applicable.
If this proves to be the case, then the type of analysis discussed in
this paper will provide a useful method for exploring some of the popu
lation conditions required for maximum recruitment.
APPLICATION OF THE CONCLUSIONS TO THE
HADDOCK FISHERY
The results of this study of the Georges Bank haddock population
make it possible to formulate limited predictions for the future and to
suggest what action should be taken to obtain maximum production.
These predictions are based on data up to October 1946.
Because of favorable spawning stock and competitive stock condi
tions in 1945 and 1946, the 1945 year-class should be considerably
more numerous than those of 1941-1944. As a result, there should be
a material increase in the abundance of baby haddock (1-1½-lb. fish)
during the summer of 1947. The trawling fleet, stimulated by the
scarcity of large haddock, probably will concentrate on these small
haddock unless protective measures are adopted. If such a concen
tration occurs, the 1945 class will be decimated greatly before the
members reach spawning size, and there will be no chance for the
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spawning stock to recover from the low point reached in 1946 and
1947. If this is continued during the following years it can be expected
that the catches on Georges Bank will continue at a low level.
These conclusions indicate the great desirability of adopting mini
mum mesh and market sizes, so that the young haddock will be pro
tected until they reach about two pounds in weight. This will allow
them to spawn at least once and will provide a greater poundage be
cause of their larger size. It will increase the spawning stock con
siderably and result in improved recruitment in later years.
The results of the work further indicate that, if the above measures
are adopted, care should be exercised to prevent the adult stock from
increasing to the level where competition with the young becomes an
important cause of mortality. By increasing the accuracy of the
abundance index from a more extensive study of growth rates from
scales and collections of small haddock, and by improved knowledge of
population size and distribution from "Albatross III" surveys, it
should become possible to determine when the adult stock approaches
the level at which intensified competition with the young begins. At
that point restrictions on mesh size and fish size should be relaxed and
the taking of scrod haddock encouraged to prevent the accumulation
of an excessive competitive stock and the consequent heavy mortality
of the juveniles.
If there is a cycle in the supply of haddock food, which present data
do not confirm or deny, the benefits to be gained by varying protection
of the young to suit conditions are even greater. By encouraging the
building up of the spawning stock when food is increasing, and by
reducing the competitive stock when food supplies are decreasing, it
should be possible to obtain much fuller use of the supply of haddock
food and thereby arrive at a greater and more regular production of
fish than otherwise would be possible.
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DISCUSSION
Van Oosten: Mr. Herrington's paper is now open for discussion.
Fry: I should like to ask Mr. Herrington if he is familiar with the population figures
for the lake trout in Algonquin Park.
Herrington: I am not.
Fry: They show the same characteristic quite markedly.
Herrington: A number of population curves seem to show it.
Fry: We actually use a master curve as an index to compare our fisheries at the
present time.
Herrington: Does it work?
Fry: Yes, it seems to fit at the moment.
Burkenroad: I should like to say that Mr. Herrington's suggestion of change in
relationship between spawning stock and recruitment at different levels of spawning
stock seems theoretically a reasonable one. However, Mr. Herrington hasn't
included in his previous papers on this relationship a consideration of the effect
on the haddock stock of changes in the crops of its predators and its prey. It appears
to me that what he has done today is to assume his original hypothesis as if it had
been proven, and then to reconcile it with the more recent contradictory evidence by
assuining changes in the food crops. In other words, he didn't get the expected
increase in young when his spawning stock went up to what was thought to be the
optimum level, and his explanation is that the amount of food produced by the
ground has fallen off. But if there has been a great change in the crop of food, one
would tend to attribute that to a natural change, and one Inight suspect that such
changes may have had more effect than the changes in the amount of fishing, during
the whole course of the fishery as well as during the last few years.
Herrington: Again, I am trying to provide what is the most reasonable interpreta
tion of the data. The evidence indicates that the food was the limiting factor in
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1942 to 1945, but not in the previous years since 1926-1929. The apparent reduction
in the food ceiling between 1926-1929 and 1942-1945, as you say, indicates a change
in food. But that change in food, judging by the data I have presented, did not
limit recruitment between 1929 and 1942. At least it was not the dominant factor.
Another problem is: "What caused the change in food?" I didn't touch on that.
I don't think your comments bear on my argument.
Burkenroad: But the assumed change in food is obviously the important one here
and not the change in fishing. Could it not be change in basic production of food
which is controlling the changes in abundance of haddock at any time rather than
change in stock of haddock caused by fishing?
Herrington: From the relationship obtained it appeared that, during these periods
(1926-1929 and 1942-1945), food was the limiting factor. It seemed valid to me
also to conclude from this relationship that during the years at this level [indicating
on chart] the stock was below the optimum and recruitment was limited by spawning
stock. Therefore, you might say that during these years there was underfishing and
during these [indicating] overfishing.
Burkenroad: That is a perfectly reasonable explanation but there is no evidence to
support it. There is nothing to exclude the hypothesis that some other factor than
overfishing was limiting during 1929-1942 also; for example, size of the crop of food,
such as is invoked for other years. Your evidence for a causal relationship between
brood-stock and brood is therefore no longer conclusive, because the correlation has
failed to hold up, and there is no independent evidence concerning change in crop of
food.
Herrington: Can you provide evidence? If I provide evidence for my theory and
you provide none for yours, mine seems more reasonable.
Burkenroad: I don't see that you have provided evidence for yours. If you had
gotten an increase in the brood when your spawning population recently went up
toward the presumed optimum, then you would have taken it as evidence for your
hypothesis. But when the population doesn't rise as expected and you explain that
by assuming that the food-crop is no longer as large as it used to be, the justification
for your hypothesis of the relation of brood-stock to brood becomes circular. You
now have only one reasonable explanation out of numerous other equally reasonable
ones.
Herrington: You are unwilling to concede anything, as far as I can see. I say I
presented evidence that food during these years was limited and during the other
years was not. From that I reasoned that the growth rate should be affected in a
certain way. We went out and studied growth rate and found that growth rate was
affected in the manner we predicted from our interpretation of these relationships.
We also have gone further into trying to figure out what happened to the food supply.
However, that really isn't part of the argument to this point. We have three lines
of evidence. We have this interpretation; we have the evidence from growth; and,
we have the evidence from fish distribution. They are independent lines of evidence,
and they all fit into this particular theory. Until you can provide more lines of
evidence for another interpretation, it seems my interpretation must stand.
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Burkenroad: It seems to me all I have to do is refer to your '44 paper for comparison
with this. You were satisfied in '44 with your interpretation on the basis of a con
stant food-production level. Now you are not.
Herrington: I think this fits in directly with the interpretation of '44. At the high
population levels food was the limiting factor. I provided additional evidence that
the food for haddock has changed. Therefore, it seems to me I am justified in saying
this is the most probable interpretation.
Burkenroad: Isn't the change in food the important thing here (indicating on
chart)?
Herrington: The change in food is the important thing at the population levels in
1942-1945, but not in 1930-1941. It seems to me that, in the last two days, there
has been a consistent refusal on the part of some participants to admit that spawning
stock has any bearing on the recruitment of fish. It doesn't seem to me that such a
position will stand up. We know that at some levels it must be a limiting factor.
The question is where that level is.
Huntsman: There doesn't seem to have been brought into the discussion a condi
tion which is sometimes referred to as "overpopulation." Dr. Miller of Alberta told
me of an instance in which increase in the intensity of a fishery for whitefish in a lake
gave larger fish.
Needler: I think that is true in McFadden Lake, N. B., too. As the number of
fish went up the size went down. There was an indication that the larger fish got
thinner. They couldn't feed in competition with the smaller fish.
Fry: You have that in lake trout populations too, though it is greatly complicated
by the fact that you don't get the growth rate in proportion to the density in all
cases. There are many other complications. As far as we can see in regard to these
lake trout, the two major food fishes are whitefish and perch. In small lakes there
aren't the whitefish although there are the perch, but the trout can't seem to get
them for various reasons. You don't necessarily have any improvement in the
growth rate by pulling the population down.
Martin: I might say that in Nova Scotia, where there is not much otter-trawling,
the catch of haddock has gone down in a comparable fashion to that on Georges
Bank. Perhaps an alternative explanation is that dragging the bottom is not as
important as interspecific competition. The catch of cod has doubled from 1943 to
1946.

\

Herrington: I am quite ready to concede that there are a lot of other possible
explanations. However, on Georges Bank we have eliminated cod, since we have
available index records of that species. Perhaps there has been a cycle in the pro
ductivity of the bottom food. There may be a lot of other explanations. But, so
far this is the only thing which seems to tie in with the available data.
Tester: Mr. Chairman, I don't think I completely follow the presentation in several
places. In this very first graph, Mr. Herrington, you show that under certain con
ditions doubling the number of spawners will double the number of recruits.
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Herrington: No. Doubling the number of spawners, roughly speaking, will double
the number of eggs. I think there is general agreement on that.
Tester: In your subsequent considerations you have dealt with mortality as extend
ing over a considerable period of time and being influenced by two things: interspecific
competition and intraspecific competition. I can't see how intraspecific competition
would actually enter into a consideration of mortality. By that, you mean actual
competition for food?
Herrington: Right.
Tester: Do you believe then that competition for food will cause mortality as well
as reduce the growth rate?
Herrington: The first effect is on growth rate, but if you keep on expanding the
population you reach a point where apparently the population must be limited, per
haps by starvation, perhaps by other factors to which semistarvation makes them
susceptible.
Tester: I am thinking of exceptions to this type of mortality. In the case of some of
the marine species there has been some evidence that when the eggs are deposited on
the bottom in layers, only the top eggs will survive-that would be one of the ex
ceptions.
Herrington: That would follow this type of curve at the lower levels. That
would be intraspecific competition, but not for food. AB you increase the quantity,
the mortality increases because you are limited by space.
Tester: It is a different type of mortality in that it occurs at one particular time.
Herrington: That is right, and it would be one of the other factors that would
affect a particular species.
Tester: In a case like that you wouldn't necessarily expect your theoretical survival
curve, as derived, to apply.
Herrington: If that type of mortality fits this form of curve, then it would. If you
have a saturation level from the point of view of space, then you get a curve of this
type. Therefore, it wouldn't alter the shape of the survival curve I have derived.
Tester: I don't know. I probably haven't followed you very closely, but it seems
to me from what evidence I have come across that it doesn't conform to this type of
curve and that you can have cases similar to those which Dr. Fry mentioned. He
referred to fluctuations due to meteorological causes. Perhaps . • .
Herri"ngton: Wait a minute. If you recall the correlation curve I showed you, you
will remember that there were fluctuations from the average curve, major fluctua
tions, doubling and tripling of values, causing variations of hundreds of per cent.
What I have said is that the average of these values over a period of tiµie will be
determined by the level of the spawning and competitive stocks. There is room
within this theory for almost unlimited fluctuations from year to year. I am only
saying the average is governed by spawning and competitive stock. AB I said
before, I am leaving plenty of latitude for other factors.
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Hart: I don't know how seriously Mr. Herrington is presenting his information on
pilchards. I don't feel satisfied that the relationship between availability and
abundance of spawners is close enough to warrant the assumption which I think he
made.
Herrington: I made no assumptions. I said, when you treat the data like this, this
is what you get. Therefore, it might indicate that the treatment I have described
would be applicable.
Hart: I have no objection to that.
Van Oosten: I see here under "Discussion" the two subjects "Nomenclature" and
"Assessment." Do we want to continue the discussion on these?
Herrington: Since this group started off with a discussion of terms, that would
seem to be a proper subject.
Dymond: That will take another Symposium, won't it?
Merriman: Probably two.
Van Oosten: Do we want a discussion on the subjects mentioned here-on one or
both?
Dymond: I doubt if we could get any satisfaction out of it in the time at our disposal.
Ricker: I am in favor of postponing it until later.
Van Oosten: Before we adjourn, Dr. Huntsman, I would thank you very much for
calling this Symposium. I think it is one of the finest I have ever attended on
fishery subjects. I am sure that everyone of us now knows a lot more than we did
two days ago. This conference probably changed some of our views on various
aspects of the fishery problems. We certainly have acquired more knowledge.
I would also like to thank Professor Dymond for the accommodation he has given us.
He made some comment that the room was not suitable for our meeting, at least not
as suitable as he would like to have it, but I think it has been an ideal spot. I also
want to thank those who participated, and I am particularly happy to see some of
our commercial fishing friends here sitting in on this meeting. I wish we could get
them to attend all of the scientific meetings.
If there is no further business, I shall call this meeting adjourned and hope that
we may all meet again in the not too distant future.

